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EQUATIONS, TABLES, AND CHARTS FOR COMPRESSIBLE FLOW : 


By Ames RESEARCH STAFF 


SUMMARY 


This report, which is a revision and extension of NACA TN 
1428, presents a compilation of equations, tables, and charts 
useful in the analysis of high-speed flow of a compressible Жила. 
The eguations provide relations for continuous one-dimensional 
Лош, normal and oblique shock waves, and Prandtl-Meyer 
expansions for both perfect and imperfect gases. The tables 
present useful dimensionless ratios for continuous one-dimen- 
stonal flow and for normal shock waves as functions of Mach 
number for air considered as a perfect gas. One series of charts 
presents the characteristics of the flow of air (considered a perfect 
gas) for oblique shock waves and for cones in a Supersonic алт 
stream. A second series shows the effects of caloric imperfec- 
tions on continuous one-dimensional flow and on the flow 
through normal and oblique shock waves. 


INTRODUCTION 


The practical analysis of compressible flow involves fre- 
quent application of a few basic results. А convenient 
compilation of equations, tables, and charts embodying these 
results is therefore of great assistance in both research and 
design. The present report makes one of the first such 
compilations (ref. 1) more readily available in a revised and 
extended form. The revisions include a complete rewriting 
of the lists of equations, as well as the correction of certain 
typographical errors which appeared in the earlier work. 
The extensions are primarily in the directions dictated by 
increasing flight speeds, that is, to higher Mach numbers and 
to higher temperatures with the accompanying gaseous 
imperfections. 

Compilations similar to those of reference 1 have been 
given in other publications, as, for example, references 2 
through 6. These references have been utilized in extending 
the tables and charts to higher values of the Mach number. 
The extension to imperfect gases is based on the relations 
presented in references 7 and 8. 


SYMBOLS AND NOTATION 
PRIMARY SYMBOLS 


a speed of sound 
A cross-sectional area of stream tube or channel 


normal force 
q со S; 


normal-force coefficient for cones, 


specific heat at constant pressure 
specific heat at constant volume 
enthalpy per unit mass, w+ ро 
characteristic reference length 


Mach number, М 


pressure ? 

dynamic pressure, р V?/2 
heat added per unit mass 
gas constant 


p VI 


Reynolds number, —— 


base area of cone 

entropy per unit mass 
absolute temperature ? 
internal energy per unit mass 


| 1 
specific volume, — 
p 


velocity components parallel and perpendicular 
respectively, to free-stream flow direction 
velocity components normal and tangential, 
respectively, to oblique shock wave 
speed of flow 
maximum speed obtainable by expanding to 
zero &bsolute temperature 
external work performed per unit mass 
angle of attack 
Je 
ratio of specific heats, » 
angle of flow deflection across an oblique shock 
wave 
shock-wave angle measured from upstream flow 
direction 
molecular vibrational-energy constant 
ka 1 
Mach angle, sin UM 
absolute viscosity 
Prandtl-Meyer angle (angle through which a 
supersonic stream is turned to expand from 


M —1 to MD 1) 


1 Supersedes NACA TN 1428, “Notes and Tables for Use in the Analysis of Supersonic Flow” by the Staff of the Ames 1- by 3-foot Supersonic Wind-Tunnel Section, 1947. 
? When used without subscripts, p, p, and T denote static pressure, static density, and static temperature, respectively. 
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Е pressure ratio across а shock wave, P: 
1 

p mass density ? 
с semivertex angle of cone 

SUBSCRIPTS 
co free-stream conditions 
1 conditions Just upstream of a shock wave 
2 conditions Just downstream of a shock wave 
t total conditions (1. e., conditions that would 


exist if the gas were brought to rest isen- 
tropically) 

critical conditions (i. e., conditions where the 
local speed is equal to the local speed of sound) 


C conditions on the surface of a cone 
j: reference (or datum) values 
perf quantity evaluated for a gas which is both ther- 


mally and calorically perfect 
therm perf guantity evaluated for a gas which is thermally 
perfect but calorically imperfect 


ща derivative evaluated at constant pressure 

(s derivative evaluated at constant entropy 

(Jr derivative evaluated at constant temperature 
n derivative evaluated at constant specific volume 
(ле quantity evaluated over а reversible path 


NOTATION 


The notation in braekets [ ] after many of the equations 
signifies that the eguation is valid only within certain 
limitations. For example: 

[perf] means that the equation is restricted to a gas 
which is both thermally and calorically 
perfect. (By "thermally perfect" it is 
meant that the gas obeys the thermal 
equation of state p=pRT. By “calorically 
perfect" it is meant that the specific heats 
с» and c, are constant.) 

[therm perf] 
that it must be thermally perfect. Equa- 
tions so marked may be used for calorically 
imperfect gases. (They are, of course, also 
valid for completely perfect gases.) 


[isen] means that the flow process must take place 
isentropically. Equations so marked may 
not be applied to the flow across а shock 
wave. 

[adiab] means that the only restriction on the flow 


process is that it must take place adiabati- 
cally—that is, without heat transfer. (Such 
a flow process may or may not be isen- 
tropic depending on whether it is or is not 
reversible. Equations so marked may be 
applied to the flow across a shock wave. 
An equation without notation has no restrictions beyond 
those basic to the study of thermodynamics and/or inviscid 
compressible flow. 


means that the only restriction on the gas is 


FUNDAMENTAL RELATIONS 


THERMODYNAMICS 


THERMAL EQUATIONS OF STATE 


A thermal equation of. state is an equation of the form 


p=ptv, T) (1) 


Several of the more commonly used thermal equations of 
state are the following: 
Equation for thermally perfect gas 


pat = pRT [therm perf] (2) 
or 
s [therm perf] (3) 


Equations for thermally imperfect gas 
Van der Waals' equation (ref. 9) 


RT 
"II 4) 


where а is the intermolecular-force constant and b is 
the molecular-size constant (see ref. 9, pp. 390 et seq. for 
numerical values). 


Berthelot's equation (ref. 7) 


RT C 
ЖЕГЕН ЕГУ (5) 


where b is Ше molecular-size constant and с is Ше 
intermolecular-force constant (see ref. 7 for numerical 
values). 


Beattie-Bridgeman eguation (ref. 10) 


Ное р о 


where a, .А, b, Po, and с are constants for a given gas 
(see ref. 10, p. 270 for numerical values). 


CALORIC EQUATION OF STATE 


À caloric equation of state is an equation of the form 


u=ulv, T) (7) 
It can be shown that 
д 
du=e, ar+| T ST =p | dv (8a) 
du=c,dT [therm perf] (8b) 


If the gas is calorically perfect—that is, the specific heats 
are constant equation (8b) can be integrated to obtain 


и-- T +u, [perf] (9) 


3 When used without subscripts, p, o, and Т denote static pressure, static density, and static temperature, respectively. 
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ENERGY RELATIONS 


The law of conservation of energy gives 
дд--ди+ ди (first law of thermodynamics) 
= ди -р dv=dh—v др | > 
dq=c,dT+p dv 
=¢, d] —v др 


| [therm perf] (10b) 


SPECIFIC HEATS 


The specific heats at constant pressure and constant 
volume are defined by 


Sa Gi 
Ср <> | xm 11 
? (55 497), (11) 
г (дау. (ди 
ор) (әт), es 
It can be shown that 
(57) 
ди до 977, 
Cy i E 57 — (a (13a) 
др T 
Cp—Cy=F [therm perf] (13b) 
The ratio of specific heats is defined as 
ty 
=. (14) 


According to the kinetic theory of gases, for many gases over 
a moderate range of temperature, 


ГА 


= (15) 


where n is the number of effective degrees of freedom of the 
gas molecule. Useful relations for thermallv perfect gases 


are 
65 I ага [therm perf] (16) 
du _ R | | 
ж а KR SI [therm perf] (17) 
ENTH ALPY 


The enthalpy of a gas is defined by 


h =u+ рт (18) 
It follows that 


dh=du+p dv+v dp=dq+v ар 


eo (25) | er^] (55) +T (Sh) | de (192) 


dh=(ce,+R)dT=c,dT [therm perf] (19b) 


= (с, +R) T +u, =T +u, [perf] (20) 


ENTROPY 


The entropy is defined by 


ds = Can (21) 


It follows that 


_(dutdw\ _(dutpdv\ _ , dT (op 
ат Ст датнага em 


dT dv 
ds=c, ЕВ 


[therm perf] (22b) 


Т 
Г, pr 


Т 
=. Ш pH [perf] (23а) 


заба Eog In 2. 
р, р 


Dy 

(р/р.)7 a 

TP. 
(ур о 


р/р: 
(р/р)? 


s—s,=c, In 


=e, Ш [perf] 


(23b) 


=e, In 


р Dr ее, 


"E [perf] (24) 


The second law of thermodynamics requires that 
£ — 8; > 0 


[adiab] (25) 


CONTINUOUS ONE-DIMENSIONAL FLO W 


BASIC EQUATIONS AND DEFINITIONS 


The basic equations for the continuous flow of an inviscid 
non-heat-conducting gas along a streamline are as follows: 
Thermal equation of state 


RT [therm perf] (26) 


Dynamic equation 


> dp+Vav=o 27 
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Energy equation 


ди+а (E)+Vav=o 


[abiab] (28а) 
dh4-V dV —0 
с, dT H-VdV —0 
[adiab, therm perf} (28b) 
а (P) уйу 
Y—1 Хр 
Additional useful variables are defined as follows: 
Speed of sound 
— NAN L 9p 
= (32) - A^ (55), S 
- == УВТ [therm perf] (29b) 
= 49.0 AT ft/sec for air 
if T is in degrees Rankine 
(=degrees Fahrenheit --459.6) (29c) 
Mach number 
V 
М =— (80) 
Dynamic pressure 
део eV? (31a) 
=; ФМ? [therm perf] (31b) 


INTEGRATED FORMS OF ENERGY EQUATION 


The energy equation (28) can be integrated at once to 
obtain 


2 
h 4-5 = constant =, [adiab] (32a) 
2 
„ТА —e,T, 
ca TD Ng M. = 16) 
yen (Ока 
а2 V? a,’ 
ротата [adiab, ре (32b) 
К 1 1 
€ LE iS фа 
Me ns 
y—1.2 9 


The three reference speeds a,, а,, and У» are related by 


Бап 


(а=) => rU [adiab, perf] (33) 
Уау _2_ 
а; y—1 


PRESSURE-DENSITY RELATION 


From equations (27) and (28b) it follows that 


p | P: : 
—-constant— -—- Пвеп, perf 34 
DI от Пвеп, peril (34) 


from which 


P_(2) = (т те, (ау š [isen, perf] (35) 


BERNOULLIS EQUATION 


Combination of equations (32b) and (35) gives Bernoulli's 
equation for compressible flow in the form 


у-1 
3 (2) 2 у—1\р, [isen, per ] (36) 


RELATIONS BETWEEN LOCAL AND FREE-STREAM CONDITIONS 


With the aid of the foregoing equations it can be shown that 


peg 
M m 
Clos op 


In small-disturbance theory, where it is assumed that 
(V— V,)«V,, these equations take on the simplified form 


T ИИ: 
т221-(0-)М, у= 


со 


[adiab, perf] (37) 


[isen, perf] (38) 


[isen perf] (39) 


[adiab, perf] (40) 


D ~ То. 2 yy 1 

= 1—YM, V. [isen, perf] (41) 
„P. ~ | — 2 1 a 9) 
"s се 1— М. у. Пвеп, perf] (42) 


USEFUL RATIOS 


On the basis of the above results, useful relations can be 
derived expressing various dimensionless ratios as functions 
of а single parameter. "These relations are given below, 
grouped according to which of the various parameters 
(M, V/a,, V/a, or V/V.) is used as the independent variable. 


In each case the second form of the equation applies for уа 


Parameter М.-- 


ни ES ДА 42 —1 
peor M) 0+7 ) [adiab, perf] (43) 


m В ім)” ай Б муз | [isen, perf] (44) 


2-(1 д =)” 
pt 2 


(45 мо (141 


_5 
-(1 ") ' [isen, perf] (45) 


[adiab, perf] (46) 
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= М M? [therm perf] 
$ ма (1471 ме) 
p, 2 id (1+ 2 м) 
— A ме M' a 
ETT M (1+ 5 [isen, perf] 
(2) 6 (^e) 
2 
= М? (1 +2) [adiab, perf] 
Vy ati ( ўсі 4% 
(=) = м (1+7 M 
2 2N —1 
и: (1%) [adiab, perf] 


и ул! зе 2H 
(y) mor LM 
M: ү. , MA” 
Е 


[adiab, perf] 


V 
Parameter —.— 
аж 


1-11 (=! =] 163) [adiab, perf] 
р: ; oT" | 
v ње ET [isen, perf] 
БЕ (T. | 
“ji -- (5) T [isen, perf] 
911—2 i Té | 
ZE -l (T [adiab, perf 
iO П- Г 
(уре 
А =, КГ | 
-5 (2) Е ње (ЭТ [isen, perf] 


268292—54——-2 


[adiab, perf] 


З ђе 


(47) 


(48) 


(49) 


(50) 


(51) 


(52) 


(93) 


(54) 


(55) 


(56) 


(57) 


. j На 

. = 

a) (O = la) Fdisb, рай 
(V) “Fat G) в (а) diab, pen 


V 
Parameter Е 
t 


A r= = m) 1 ladiab, perf] 


n kan L | 
=| ı a ae ) T Пзеп, perf] 
рТ 
=|! ње (“YT Пвеп, perf] 
OJ) 
"E ње (YY) [adiab, perf] 
ma) De (=) 
“а ) [ 5 (а) Г 
ра 
(ГТ ке 
(0) ӘТ 
-(7) (1 ње Gp [adiab, pert] 
JCC) nmn 
(Ў LC шына 


[adiab, perf] 


[adiab, perf] 


(58) 


(59) 


(60) 


(61) 


(62) 


(63) 


(64) 


(65) 


(66) 


(67) 


(68) 


(69) 
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V 
Parameter ——.— 


Vin 


E =1 -(у-) [adiab, perf] (70) 


~ 


^m Ёа -GOT GO] fren, porn GD 
ДЭ ЧОЎ een e 


сы РУТ [adiab, perf] (73) 
Í AL-T 

=; др Г [adiab, perf] (74) 

„СГС 

5 

ор (ЕЛ 

a (у) Г 
=> (=) [1 “С. | [adiab, perf] (76) 


(2) =: 1-1 ўс y.) =6 (-) [adiab, perf] (78) 


Tables I and II list numerical values of the following ratios 
with Mach number M as the independent variable: 


[isen, perf] (75) 


р p 


— s, — = 


Di Pi T Di а, 
STREAM-TUBE-AREA RELATIONS 


If it is assumed that the density and speed are uniform 
across any section of a given stream tube, then the eguation 
of continuity is 


pVA=constant=p,a,A, (79) 


By combining this and certain of the foregoing equations, 
the area ratio A,/A can be expressed as a function of any 
one of the four parameters used above. Тһе final equations 
are 

ati Y+1 


у + 1 N2(y—1) ус дра 20-0 
2-Сҙ) UOR ae) 


1 T нь 
со M (14 му Пвеп, perf] (80) 


AV Op- TD 
5 5 
-($y (2) Е? (У lisen, perf] (81) 


yep. 


tee opos oT 


216 (У 1 N 
= ог - (2) | [isen, perf] (82) 


Y+1 


iG) CP ерес 
ELIT кезеп в» 


Numerical values of A,/A as a function of M are given in 
tables I and II. 

Equation (79) combined with equations (26), (29b), (45), 
and (46) can be employed to obtain the mass-flow rate per 
unit area pV along a stream tube as a function of Mach 
number, total temperature, and total pressure. Numerical 
values can be obtained conveniently from chart 1 where the 
variation with Mach number of the mass-flow rate per unit 
cross-sectional area is presented for various total temperatures 
and a total pressure of 1 pound per square inch absolute. 


SHOCK WAVES 
NORMAL SHOCK WAVES 
BASIC EQUATIONS 


The previous relations for isentropic flow are valid on 
either side of a shock wave, but not across it, because at the 


shock wave the flow quantities have discontinuities. Jump 
„Shock wave 
р, P Pa Рә 
ui 2 
7 7 с 
| Ci M, Mo 2 92 
S| 52 


FIGURE 1.— Notation for normal shock wave. 


conditions for a steady normal shock wave (fig. 1) result 
from requiring conservation of 


mass: PiU = рэй» (84) 

momentum: pi pia? = pa + рэц»? (85) 
1 1 ; 

energy: 3 5 ui? +h: P и? + [adiab] (Зба) 


: . с 1 : 
з The actual relation for conservation of energy is pit (5 ш-н) = pole (5 шы); it 
reduces to the above form in view of equation (84). 
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1 

a. a “re, T= T “1e, Fò 

l 2 Y і 1, Y Pa : 

та? —= и adiab, perf] (86b 
jut Pow T P pladiab, per] (861) 
Aus NE UNE NE 

О тты. 


together with the reguirement that the entropy does not 
decrease: 
As = 50—51 > Ü (87) 
It follows immediately from the energy relation (86) that 
total enthalpy, total temperature, and total speed ot sound 
are constant across the shock and hence (from the previous 
relations (33) for adiabatic flow) also the critical speed of 
sound and limiting speed: 


М-ы, [адар] (88a) 
fuc 
Gu 0;, 
[adiab, perf] (88b) 
Oy, =A, 
Va У п, 


Combining equations (84) to (86) leads to Prandtl’s 
relation 


P2— Pi 


Ма t= a, = 
P2— Pi 


[adiab, perf] (89) 


which implies that the flow is supersonic ahead of the shock 
wave and subsonic behind (the reverse possibility is ruled 
out by the requirement of nondecreasing entropy), and to 
the Rankine-Hugoniot relations 


pa (yt1) рә (у 1) рі 


ба с о (= ја [adiab, perf] (90) 
2 з 1 =D : 
өз T PCD [adiab, perf] (91) 
Pa Pi pa-t Pi : 
21 _ [adiab, perf] (92) 


USEFUL RELATIONS 


Many relations for normal shock waves are conveniently 
expressed in terms of either upstream Mach number М ог 
the static-pressure ratio across the shock £2 ра. The fol- 
lowing relations apply to adiabatic flow of a completely 
perfect fluid. The last form of each equation holds for 

y=7/5. 


Parameter M,.— 


рә , 2y M нар OMI-I 
pot yl 6 ай 
02 ih sur = аце (y+ Му _6Мг_ 


= (94) 


р: Мә а uj (y—1 Мета. M45 


T, ай (уме—(у– 0 МА 
T, аў (y--1? M ° 
_ (M —1)(M 5) 
36 M? 95) 
„ (у--1) Мица _ М5 
Мао Ме (1) 1Mi-1 (96) 


Y 


Pa 2уМу— cik | 
Ра ytl — Ma T2 


7 
JM Du XE 
|| Æ ui) (97) 


т Ер ае —2(=0]7 я (ма-ау o5 
— (y+ 1) M ° 36M? 

Ро Pta _ 

Du Ра 


-| UT era (v+1) M ot) Ме Jr T уы 1 
(ye SU SES 2үМ2—(ү— 1) 
7 5 
6 М? N? 6 2 
и iri) м t 
Pa Гео ме Em г 


5 
6 M 2 A 6 2 
-( $^) (ruri) 100) 


(Rayleigh pitot formula) 


Di, 
cm Np= —(y—1)In (2) 


Sfi === (=) CE y ln аа (КОМ. | 
“Дар! (y— МР 2 
7Mj?—1 6M? 
= п Се )з In ts) (101) 


2 (v ды МІ” E 


Numerical values from equations (93), (94), (95), (96), (99), 
and (100) (with y=7/5) are given in table И. 

For weak shock waves (M, only slightly greater than unity) 
the following series are useful: 


Pa s pp Me + gi D 
WAWA зама bj ass (103) 
P тека зо 1) арм. 
=з (Мар 245 (М 1 — LT (104) 
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Parameter £ = p;/p,.— 


Me= EOD SEHI (105) 
ра We OF DE F1). ОЕ (106) 
ра Už (v—DE+O+I) E+6 
T; ay O—rDétO+tb , #+6 
T aj а DER) веч 77 
aye (ВЕКОТ) +6 
Мо: = Е =; (108) 
p: _ P | 4+ P = РКВ 2 
Ра Ра (vè Dy JET] 6(£+ 6) 
(109) 
РР. AYE. V 356 T 
р, ‘р, l +DlA+DE+G—D]S= L6(6£+1) 
(110) 
се н Ss DEG = 
Di, Pr, ПЕ 
5 7 
NOTE S 
=G) E+6 и 


Д A Ро 
--0- 1) T = sey Dn (ти 


(EET 6£+1 
па ара з-за) ана 


For weak shock waves (£ only slightly greater than unity) 


Ps. = T 


— 1331 — 1)11 
Ра x 
5 15 4 
= 1— у ET DA а... (119) 
As 1 As_ lÍ ч 
В у—1 в E 
_ 5 Io: 
ap Вр ч (114) 


In unsteady flow а normal shock wave acts at each in- 
stant as a steady shock. Hence all the above relations are 
valid across a moving normal shock wave if instantaneous 
velocities are measured relative to the shock. 


OBLIQUE SHOCK WAVES 


In general, a three-dimensional shock wave will be curved, 
and will separate two regions of nonuniform flow. How- 
ever, the shock transition at each point takes place instan- 
taneously, so that it is sufficient to consider an arbitrarily 
small neighborhood of the point. In such a neighborhood 


Shock маме ~ 


Pi р P2 
Гр d 7 а» 
M, S| $2 


Streamline 


FicuRE 2.— Notation for oblique shock wave. 


the shock wave may be regarded as plane to any desired 
degree of accuracy, and the flows on either side as uniform 
and parallel. Moreover, with the proper orientation of 
axes the flow is locally two-dimensional. Hence it is 
sufficient to consider a straight oblique shock wave in a 
uniform parallel two-dimensional stream, as shown in figure 2. 


BASIC EQUATIONS 


For à steady oblique shock wave, jump conditions result 
from requiring conservation of 


mass: pill = рэй» (1 1 5) 
normal momentum:  pi-- pü =P: + рэй»? (116) 
tangential momentum: рид potted» (117) 
energy*: — (+ Dy + =5 (0574-65) + h. [аЧ1аЪ] ^ (118a) 
1 31; 4 2 2 1 b" ^ 2 T 
ә ба +0. re = (по + 02°) е, Г» 
1 2 ~ 9 Y Рі. ~ 9 Y рә adiab 
= (11 + 9,7) + ——— + 2 — — ; 
2 (аи 4- v| М вт ЕТ 5 (it 2 Е į p | perf 
1 2 1 2 24.72 2 
5 (4414-01 41 “9 (по + V2 а» 

(118Ь) 


together with the requirement that the entropv does not 
decrease: 


As =$;—5, 20 (119) 


Again it follows from the energy relation (118) that total 
enthalpy, total temperature, and total speed of sound are 
constant across the shock and hence also the critical speed 
of sound and limiting speed: 


A, =h, [adiab] (120) 
Ti, T, 
ава, kos (121) 
а = de, peri E 
У = Va, 


4 Compare remark for normal shock waves, footnote on page 6. 
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CONNECTION WITH NORMAL SHOCK 


A comparison oÍ equation (115) with (117) shows thai 
the tangential velocity is constant across the shock wave: 


0і== 0з [айай] (122) 


so that the change in velocity is normal to the shock. It 
follows that 


so that the energy equation (1188) reduces to 


L iih iA. Tadiabl (123) 


Now eguations (115), (116), and (123) involve only the 
component of velocity 4 normal to the shock, and are 
identical with equations (84), (85), and (86) for normal 
shock waves. Hence an oblique shock wave acts as a 
normal shock to the component of flow perpendicular to 
it, while the tangential component is unchanged. This is 
also clear physically from the “sweepback principle" that 
the obligue flow is reduced to the normal flow by a uniform 
translation of axes (Galilean transformation). 

Because the speed of sound depends on the tangential 
velocity, Prandtl's relation differs from that for normal 
shock waves (see ref. 11, pp. 302-303): 


La 


i ?? [adiab, perf] (124) 


141142 = а, — 

where a, and ? can be evaluated on either side of the shock. 

The Rankine-Hugoniot relations are the same as for 
normal shock waves: 


p r Der (У Юр: 
Die er eps E [adiab, perf] (125) 


p2 GQ-rDpit(y— Dp | 
(y 1)pi-F y — 1) pa [adiab, perf] (126) 


pipi, Dat Ра. png perf 
p2— pi * pat Pi san рер (127) 


USEFUL RELATIONS 


Because an oblique shock wave acts as a normal shock 
to the flow perpendicular to it, the previous relations for 
normal shocks (except those for ratios of static to total 
pressures) apply to oblique shocks if M; and М; are replaced 
by their normal components M; sin 0 and M; sin (0--6). 
This gives most of the following relations; the remainder 
are derived from them by using the kinematic condition 
that the stream turns through an angle 6, together with the 
previous isentropic-flow relations. 


Parameters M; and 0.— 


Pa ЗМ sint9—(y— 1) TM? sinit 1 
C T yi = 6 (128) 


рэ. ty (y 3- MY вш? _ 6M, sin?0 (129) 
pi ù (у- Мат 0-2 Mi? sin?04-5 | 


T; ал [27 МР sin’@—(y— О (у— 1) Ме sin*6+ 2] 


таг (TIM sine 
(My! sin*0— УМУ sin’6-+ 5) 


36M ? sin20 


(130) 


-1)Mi'sin'etr2 _ Mi sint 5 


M. aina p (У 
Му sin*(6—6)= оу Mj) sinfó—(y—1) 7Mj sin?6—1 


(131) 


M. — (v F 1? М. sin?0—4(M y) sin°0— D(y М1? sin?04- 1) 
75 [ума sin% — (у= 1)][(y— 1) М sin?84- 2] 
. 86M: sin0— 5СМ sin0— 1)(7 My sin°0+ 5) 

(7 М? sin?@— (М. sin?6-+ 5) 


(132) 
ш (y— DM? sin’?@+2.. , Мі 8ш28+5 . 
K ams Бе “MWE 
V2 vi 
Vo Y= “ов 0 (134) 
м 1 2(Му sin 0— 1) 5 sin 0—1) 
V NT ме TIT 6M? en) 
v.  2(My sin"6— 1) 5 (M sin*6— 1) 
l, GDM? cot 0= 6M? — cot 0 
(136) 
Ya 1—4 „(Mi sin*0— 1)(y My? sin*0—- 1) 
VC ` (y ІМ!" sin?0 
4.95. (M sin*0— 1)(7 M) sin°0+ 5) 
= 36 Ми sin?0 (137) 
и (y КМ "e | 
cot ó—tan Een а рай 1 
u ем}? 
ai Ес зид) | 198) 


2 cot KA” sin'0—1) 5 cot KM,” sin? 0-1) 


2--Mjy-F1—2 sin?) — 5-- Mi*(6 — 5 sin?) 
(1398) 


tan 6-- 


My sin 20— 2 cot 2 
 2+M2(y+cos 20 ` 


My: sin 20—: 20—2 cot 0 


10 4- Mii(7 + 5 cos 20) 
(139b) 


Y 


Bon DIU aw lé 
Du qu | (у — 1) M 4-2 
7 Mj? sin? 6-1 5 7/2 
esee) - 


p Менсона 
Ро (y+ 1 Му sin? 6 (у- 1)MY + 2] 


аа бы и дева | 


= 364: sin? 0(M ° + 5) 


(141) 
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E 
Ра Ра 
1 
=| се“ ОМ | | yt T 
| (= DM: sin? 0+ 2 2y Mj? sin? 0— (y — 1) 
_ (у 6M/ sin? 0 ү 6 YE 
САД sin? 0 + J (Gaz: sin? 0— i) 242) 
з= -| mu Lap БИ P x 
2y Mj? sin? 6— (у 1) 
јот ШТ sin а 
2 (у — 0) М? sin? 6+ 2] 
=f XE s. ШЕР sin’ 0(M + 5) ^ (143) 
ХМ? вт? 0—1 5(M,? sin? 84- 5) | 
AS As D: 
— —1)-,=—(y—1) In | 
€, = ) R (у f 
= E за 0 (ye 2] 
eal 
(y = 1) М? sin’ 8 | 
ще —1)M? sin? 0+2 
u 7 Mj! sn? 6—1 6M sin” 0 
Аш (ES )-= М? sin? 0+5 ы 
P2— рі _ АМ.” sinž gl. 5 My sin 0—1 (145) 
qi i (у + DM? 718 Mi? 


Values of the following ratios for oblique shock waves can be 
read from table II, provided M, sin 0 is used instead of M, in 
the first column: 


pa Рэ, Ta Ро 
Pr pi Ti Ра 


For weak shock waves (M, sin 0 only slightly greater than 
unity) the following series are obtained from equations (103) 
and (104) by replacing М, bv M, sin 0: 


Pa qo 2 2у Ср М 5128-1034 — YP (Me 510° 8- 1)!—.. 


Ра 3(y y+1 (y a 
== одо (М sin” аа (М sin? 0— 1)*4- (146) 
A 1 As 2 . 
аа 
942 " 
сура di sin” @—1)4+ 
9 (Му sin? 6-1у-- 245 (Ме sin? ө)... (147 


Òt 864 


Parameters 0 and ò.— 


Е — sa. sin 0 sin ô —sin? дъ a, Хап д | 
Mi 2 cos(0— 8) 2 tan 6+cot 0 
Lora epa. и tan 0 
m 2 tan 0--cot 8 
(148а) 
gt 2(cot 0--tan ô) 
"sin 20—tan дСу+-сов 20) 
10(cot @+-tan 6) 
= 1 
5 sm 20—tan 6(7 + 5 cos 20) ee») 
Рат Pı - sin 0 sin ó 
gi” сов (0—8) 
tan ó tan 0 
tan 84-cot 0 ^ tan 0--cot ô ка 
си, ИРИНЕ 2; (149b) 


рэ sin 0 cos (9—5) 
Parameters M, and ò.— 


No convenient explicit relations exist. However, the 
value of sin? 0 can be found bx solving the following eubic 
equation (ref. 12): 


sin? 04-5 sin! 0--c sin? 0--а--0 (150a) 
where ! 
Mi + | 
b= “Ма ==/ү sin" Ó 
2 
cos? ó 
Е 


The smallest of the three roots corresponds to а decrease in 
entropy and should be disregarded. 

For weak shock waves (small deflections 6) the following 
series are useful (note that 6 must be measured in radians): 


yM 1)M,*—4(M;— 1 
=н i 1)? ó + y MY TI) 4M, CE 2 д? 
yM? (=) (upė Oa imi i 
(ume ва = 24 cl 
5 Gcr "indi 531 (151) 
р-р 2 spa PUM AMi 
q (М—1)!# 2(M 2— Т)? 
1 1)? 7+12y—3 
аға ауа [Pg мә СЫЗ зуы 
3 4 2 4 3 
о Y -0Mf-2M, +3 | 6+... (152) 
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¿(aM (Mo 234, 


р Му 
адам ад 00 
(153) 
Т, (М? — 1). 
(у= ІМ? (y+ 1) — 2(My' + 2) (Mi'— 1) 62. .. (154) 


400121)? 


Since flow through weak shock waves is nearly insentropic, 
compressions through small angles can also be caleulated with 
the aid of table II by regarding them as reversed Prandtl- 
Meyer expansions (see later section). The resulting nu- 
merical accuracy is greater than that obtained by retaining 
terms up to à? in the above series, and nearly equal to that 
obtained by retaining terms up to 6’. 

Charts 2, 3, and 4 show the variation of shock-wave angle, 
pressure coefficient, across a shock wave, and downstream 
Mach number with flow-deflection angle for various upstream 
Mach numbers. 


Parameter # =7:/p1.— 
udo. 


M? sin? 6 = SELI (155) 
Mè sin? (ЖЕЕ = От) En (156) 
Ma Milo DEF ы Б 262—1) 
i £[(y — D£ +(y-+-1)] 
Е ва 
T ge D terr 099 


УМ yes) rds 
ч me Му хе] (у )£-T(y—1) 
a 5(£— 1) 7 Mj? — (6£ 3-1) 
= | 6£+1 (160) 


Shock маме ~ 


Streamline 


— 


Y 
Pi, Фі, 


Я. m ot DEL DT = 
Ра Фа аўсе Еб 
NI n! Ж — 5/2 
E+6 (161) 
cana 2(£— 1) _. _ 5(— 1) 
Vi Му 1)£+(y—1)] Мб: 1) 
(162) 


For weak shock waves, equations (113) and (114) apply to 
oblique as well as normal shocks. 


SHOCK POLAR 


The velocities associated with an oblique shock wave are 
conveniently represented in the velocity-vector (hodograph) 
plane. For а given Mach number ahead of the shock wave, 
all possible velocity vectors behind the shock le on a single 
curve. 

Only the closed loop represents real shock waves with non- 
decreasing entropy, and forms Busemann's shock polar 


(бе. 3). Из equation is 
2 
ш 
o? (Viw) —5 > ; (163) 
mL Uk 
ү--1 Vic V U2 


Other forms of this equation convenient for computation are, 
given Vi and Mi, 


(у) - (73) 


+1 1 
A Масло M: (1-57) 


yti ii -—) 
1+ 5 Му (1 V, 


, 5(M?—1)—6 M: (1-7) 
= (1-1) — VZ (1648) 
ahi 2 нд. 
54-6M, (1 > 
Limit circle 
у = Van 
Sonic circle 
— V=QOn 
м 
>s 
N 


FIGURE 3.—Shock polar. 


12 REPORT 1135— NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


given a, and Vi, 


У мә E 
ау, Ra 
4, Ui. Mg 14 (2 "Vi Us 

y+1\a, Qu G€, 


easy EO) 
KLO 


(164b) 


and given V, and Vm, 


Gn 
Уљ/ МУ» V 


Vi Wo } 1 
Vn Va y+ 1 
Wo 


avi = ит Vin 
MIU 


The shock-wave angle 0 and wedge angle ó are given in 
terms of the velocity components by 


ў v. p 


Исти ù 


tan 0--- = F (165) 


= 
tan = (166) 


2 
The shock-wave angle 0, for sonic flow behind the shock 
is found (by setting M;=1 in eq. (132)) to be given by 


sin? 0, = 


774 гм (oT MS -(8--ү)-Һ 


VG а T DM: — ЕТІ ЕЕНСЕТУ) 


; [38M —24-43(3Mit—4M?--13)]]. (167) 


=M 


The shock-wave angle б, for maximum stream deflection 
behind the shock is given by 
sin? S 


ВЕ A 5 ((v+1) М;—4+ 


en (ет) Ми (y—1) M+ 16]) 


[3M 5^ — 54-43 зм 4 Mj? 4- 20)] 


==: (168) 


For small deflection angles (һепсе Mach numbers close to 
unity), the deflection angle (radians) for sonic flow behind the 
shock 1s given approximately in terms of the upstream Mach 
number by 

2 __ 3/2 2___ 13/2 
ТЕЗЕ ЖЕ = > фар а = 
42 (y+!) M, M, 
The maximum stream deflection angle for a specified up- 
stream Mach number is given approximately by 


2 13/2 2 1\3/2 
И, 0 
343(y-1) Mi Му 


(169) 


(170) 


mar ^ 


In unsteady flow all the above relations are valid across а 
moving oblique shock wave if instantaneous velocities are 
measured relative to.the shock. 


SUPERSONIC FLOW PAST WEDGES AND CONES 


А shock wave forms ahead of any body in supersonic flight 
and remains fixed relative to the body if the flight is steady. 
It stands ahead of blunt shapes, but may be attached to 
pointed shapes. 

Just at the tip of a pointed airfoil or body of revolution the 
flow is the same as for the initially tangent wedge or cone. 
The bow wave is attached at sufficiently high Mach numbers 
for a wedge of semivertex angle ô less than sin ^! (1/y) — 45.6? 
for y=7/5, and for a circular cone of semivertex angle c less 
than 57.52 for у=1.405. Below these limits, the wave is 
attached above a minimum Mach number whose dependence 
upon nose angle is shown for wedges and cones in figure 4. 
(These values can be applied to pointed airfoils and bodies 
of revolution which are not concave.) Also shown in figure 
4 are the slightly higher Mach numbers above which the 
velocity behind the shock wave is supersonic, and for the 
cone the still higher Mach number above which the flow is 
supersonie even at the surface. (For wedges these last 
two coincide.) For thin wedges, these Mach numbers 
are given approxumately by equations (169) and (170). 


FLOW PAST WEDGES 


If the bow shock wave is attached to а wedge, it is straight, 
and the flow behind the shock consists of uniform streams 
parallel to either face of the wedge. “The flow pattern above 
the upper face (fig. 5) may be regarded as obtained from the 
straight oblique shock-wave pattern of figure 2 by replacing 
the streamline behind the shock wave with a solid wall. 
Flow quantities are determined by the oblique-shock-wave 
relations, equations (115) to (170). Аз noted previously, 
table II can also be applied 1f M, sin 0 is used in place of M; 
in the first column. 

The flows above and below the wedge are independent, so 
that inclined wedges can be treated if neither face exceeds 
the attachment angle shown in figure 4. However, if the 
angle of attack exceeds the semivertex angle, the flow over 
the upper (leeward) surface is given by a Prandtl-Meyer 
expansion (see fig. 4) rather than by the shock relations. 

It is clear from the shock polar (fig. 3) that two different 
shock waves and flow patterns are theoretically possible for 
a given wedge and Mach number. However, it is believed 
that only the weaker shock wave (larger и; and smaller 0) 
can occur attached to an isolated convex body. 

Charts 2, 3, and 4 show the dependence of shock-wave 
angle, surface pressure coefficient, and downstream Mach 
number upon wedge angle for various free-stream Mach 


numbers. 
FLOW PAST CONES 


ТЕ the bow shock wave is attached to an uninclined circular 
cone, the shock wave too has the form of a circular cone. 
Flow quantities are constant on all concentrie conical sur- 
faces lying between the shock wave and the body, and so 
depend upon only one space variable. Тһе transition across 
the shock wave is governed by the oblique-shock relations, 
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FIGURE 4.— Upstream Mach numbers for shock attachment and for supersonic flow behind shock wave on wedges and cones, and for stipersonic 


one semivertex angle for various 


slope of the normal-force curve for 
tone has also sought an approximation 


y inclining a cone have been considered 
for larger inclinations by retaining squares as well as first 


S 


FIGURE 6.—Flow past a cone. 
Chart 8 shows the variation with Mach 


number of the initial 


various cone angles. 


The effects of slightl 
by Stone (ref. 13) and numerical results are tabulated in 


powers of angle of attack (ref. 15), and numerical results have 
been tabulated (ref. 16); however, these results are not free 


of error (see refs. 17 and 18). 


surface Mach number on с 
free-stream Mach numbers. 


reference 14. 


The flow 


quantities have been extensively tabulated in reference 6 
As m the case of wedges, two 


solutions exist for each cone and Mach number, but it is 


4/3. 


--- 
— 


FIGURE 5.— Flow past a wedge. 
and is followed by a continuous isentropic compression to 
believed that only the weaker shock wave can occur on an 
isolated convex body. Charts 5, 6, and 7 show the depend- 
ence of shock-wave angle, surface-pressure coefficient, and 


surface conditions, as indicated in figure 6. 


for y— 1.405 and for y 
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PRANDTL-MEYER EXPANSION 


A uniform two-dimensional supersonic stream flowing over 
a convex bend expands isentropically. Convenient relations 
are found by considering the special case of а stream at 
Mach number unity flowing around a sharp corner (fig. 7). 


Initial Mach line 


| Final Mach 
| line». 
M = | | 


Streamline 


Кісове 7.—Prandtl- Meyer expansion around a corner. 


For a perfect gas, the Prandtl-Meyer angle » through which 
the stream turns in expanding from M=1 to a supersonic 


Mach number M is 


pal? tan B 
nas, L e 
а pn 1)— cos UM 


СЕН tan rasau M?—1)—tan-/ M3—1 


(1710) 
(ғо ү= 7/5, 221-2 4495, aa i rj .40825. ) The 


maximum expansion angle, for M = œ, 13 


La ы Е а 
әгі OPD (90*— и) (171a) 


(171b) 


~1)x90°= 130.45? for y=7/5 (179) 


The ratio of static to total pressure, corresponding to Mach 
number M is given by 


(в)? - fitos] 2 Jf ті 1 090°) | 
MM (173b) 
- IE JI 


which falls to zero as рў аг. Numerical values of у, и, and 
p/p, are given in table II as functions of M. 

These relations and the values in table II apply to a 
uniform stream flowing past any convex surface in the ab- 


(1732) 


лав /M?— | 


(1730) 


sence of external disturbances. (They also give a very good 
approximation at all Mach numbers when, as on an airfoil, 
external disturbances arise only from interaction with a 
shock wave, and are disregarded.) If flow quantities are 
known at one point, the values at any second point can 
be read from table II by identifying the change in flow 
angle between the two points with Av=»,—v,, as indicated 


in figure 8. 
> 
/ / | 
/ / Mach lines 
/ / 
/ / / 
/ / P d 
y 4 / 
A 
/ 7 / a 
/ - 
— P d 
| 2 je 
Av=vo Vį 


2 Ne 
Гістнк 8.—Prandtl- Meyer expansion over a convex surface. 
For expansions through small angles A», the ratio of final 


to initial static pressures is given by the following series 
(Av 1n radians): 


0 4. Y M ач Mi'—4 (Ме--1) 2 
2 VM? = E M, 4( M è — 3: (А у) — 
М 1 5+ 7y— 217 
зара ме мә 
5 4 ips 3 
3 (y+1) M '—2 М, +5 (Av)? 4- (174) 


Up to and including the term in (Av)? this series is identical 
with that for compression through an oblique shock wave 
(eq. (151) with ô= — Av). 


IMPERFECT-GAS EFFECTS 


Methods for calculating the flow of a calorically imperfect, 
thermally imperfect gas and a calorically imperfect, thermally 
perfect gas at temperatures up to 5000? R are described in 
this section. The equations presented are in substantially 
the same form as those given in references 7 and 8. Effects 
of gaseous imperfections, such as molecular dissociation, 
which become important at temperatures greater than about 
5000? R are not considered. 

Atmospheric and wind-tunnel air flows are of primary 
concern here. In such flows air generally exhibits only 
calorie imperfections to any appreciable degree. Сопве- 
quently, numerical results are presented only for the flow of 
a calorically imperfect, thermally perfect diatomic gas. 


THERMODYNAMICS 
EQUATIONS OF STATE 


The thermal equation of state used here for a calorically 
and thermally imperfect gas is the Berthelot equation 
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(eq. (5)). Тһе thermal equation of state used for a caloric- 
ally imperfect, thermally perfect gas is equation (2). Тһе 
caloric equation of state used for a calorically and thermally 
imperfect gas is equation (8a). The caloric equation of 
state used for a calorically imperfect, thermally perfect gas 
is equation (8b). 

SPECIFIC HEATS 


The assumption of a simple harmonic vibrator is used to 
account for the contribution of the vibrational heat capacity 
to the specific heats. The equations for the specific heats 
at constant volume and constant pressure, respectively, are 
(see ref. 7) 


e9/T 26 | 
e= (eben | | (7) uw p RR] ат 
0/T 
e= (Oben VIF Oe | (F) сыт | therm pert 
(176) 
|. ^Y per uid 
= (овен B | Eom (7) (e9/T — pat 
2—bp tp | 
аер p INA ада 
RT? Кер В Оср | (177) 
(1—6р) RT“ 
о/т | 
eR an ша ( г) ее : = || [therm perf] 
(178) 
The ratio of specific heats is then 
^f == Y pert X 
5 2—00. FI | 
ауен. Z3] p дер jij ОИ 2RT* 
Y pert Т) (9/7 — TRE 1 2ер 
(1— бр) £ 
“С Es Әс pl o 
| xd T 1) [6j (69/7 A 
(179) 
or, for a thermally perfect gas, 
Li as _ —= [therm perf] (180) 


--1--- " m 1) ©) en | Í 


The following values of y are for temperatures from 400° R 
to 5000° R, with 9=5500° R (see ref. 7). For engineering 
purposes, these are a satisfactory approximation for air. 


x VARIATION OF RATIO OF SPECIFIC HEATS WITH 


TEMPERATURE | 

— | | 

| 

T, °R | у | тен | “ | TR | Y І 

| | 

va | a | | шыбаў 

і | i 

500 1. 400 1300 | 13 | 2200 1.322 | 

600 1. 399 1400 | 1.355 || 2400 1317 | 
700 1. 396 1500 1.349 | 2600 1. 313 
800 1.392 1600 134 || 2800 1. 309 
900 1.387 1700 1.339 3000 1.306 
1000 1.381 1800 1.335 3500 1.301 
1100 1.375 1900 1.331 4000 1. 298 
1200 1. 368 2000 | 1.328 4500 1. 296 
| | 5000 1. 294 

| | | 


CONTINUOUS ONE-DIMENSIONAL FLOW 
BASIC EQUATIONS AND DEFINITIONS 


Basic equations pertinent to this section are equations 
(26), (27), (28), (29), (30), and (31). "The equations for the 
speed of sound are (see ref. 7) 


Eg 1 Зер 
Pec pow RT 


2 
eu D (peti) 


ide ШӘ) кои E 


(181) 


and 


РТ (pa Менса == 
ЕСЕ 1) (7) (6977 = 7 | 


INTEGRATED FORMS OF ENERGY EQUATION 


| [therm perf] 


(182) 


The integrated forms of the energy equation are (see ref. 7) 


К pot 
f 9 | 
— 9 EE E RENE um 
V*=2RT, pt 697, — 1 атт) 


P: P 
ET. Е HE РҮ] | [adiab] (183) 


and 


"Y pert 


T 
Vi—2ERT, — (1-7) | 
Ё A Т, + 


m (страт) | (аар, therm рагі] (184) 
(свято = 
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In terms of Mach number these equations become, respectively, 


27,| tp Gn ӨТТ 787 > 
ДЕ PETENS. —Ypert 7 "T = zT. ee | 


3877 T— ran G, ШУА 


[adia b] (185) 
1 Ze ` wD (peti а ma | 
(1—bp RT? e9/T ^ дер 
| а 1) (Се) (е9/Т 1 PES yt RI? | 
and 
М?= Ty p (1-7 -)+ 7 вет зя — =) ladiab, therm perf] (186) 


where y 1$ given Бу equation (180). 


V а (т 
| г.) | Г 
Thevariationsof - mE perm Per? ang еее" with Mach number for several values of total temperature T, are given in 
~N (z)... 


charts 9 and 10. 
PRESSURE AND DENSITY RELATIONS 


For isentropic flow, the relations between density and temperature are (see ref. 7) 


p с бре 4 =) ПА ss КЕЛЕ Е : S Ст i ) T nes ; 
я [ES яда p P | тура (т) wr erry | Hsen] (187) 
and, Тог а thermally perfect gas, 
ге 23 c9/T goo ле: ; | | 
2 е (бој VG ai exp ІС rae QIIIA, ) жетті | [isen, therm perf] (188) 
= г)... peri 


The variation ої 2—9 with Mach number for several total temperatures is presented in chart 11. 


p: perf 


For the isentropic flow of a thermally imperfect, calorically imperfect gas, the relation between pressure, density, and 
temperature can be obtained by a trial-and-error procedure using equations (5) and (187) For the isentropic flow of а 
thermally perfect gas, the relation between pressure and temperature is 


š 


e9/T, — 1 T "Y perf — e8/r 
Peu 1 ) (7 T ) “exp ГЕ леті” 


The relation between dynamic and static pressure for a 
thermally imperfect gas can be obtained by a trial-and-error 
procedure using equations (5), (31а), (183), and (187). The 
relation between dynamic and static pressure for a thermally 
perfect gas can be obtained with equations (31b) and (186), А раб, (191) 
and is A, 

"Y pert 


T. 1 
21 (т- Der Qn -жн-і) 


[adiab, therm perf] 
m peri 


| [isen, therm perf] (189) 


сет, 
-(т.) тт 


Тһе stream-tube-area relation is given Бу equation (79), 
or, in more convenient form, 


STREAM-TUBE-AREA RELATIONS 


This ratio can be evaluated for а thermally imperfect gas 
with the aid of eguations (187), (181), (5), and (185), and 


(190) for a thermally perfect gas with the aid of eguations (188), 


NM therm perf with Mach 


CMM 
Р:/ pert МР t/ pert 


number for several total temperatures are given in charts 
12 and 13. 


The variations of — 


(182), and (186). "The variation of Gs. ре" with Mach 


25 рег? 


number for several values of total temperature is presented 
in chart 14. 


5 In this, as in many of the cases to be presented, no direct solution for flow properties is possible if the gas exhibits both thermal and calorie imperfections, Approximate solutions of 


this type can be obtained, however, if the degree of imperfection is smal (see ref, 7). 
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NORMAL SHOCK WAVES 


The requirements for conservation of mass, momentum, 
and energy across a normal shock wave are given by equa- 
tions (84), (85), and (86а). Тһе energy relation can be 


written 
U Шш R зор =? (2 Pi) 
DE Р a Pi 
2 2 2 cg ( Yo + Pi T 


1 
Ro (Ga — 2x 0 [adiab] (1 9 2) 
or, for a thermally perfect gas, 
мен) nan ТО 
2 2 Ypert— 1 


1 
Ro ( om ~ A 


д 0 [adiab, therm peri] (193) 


No explicit equation has been found to relate the tempera- 
ture downstream of a normal shock wave in thermally 
imperfect air to the upstream conditions. А trial-and-error 
procedure, starting with assumed values of pz and 7, and 
involving equations (5), (84), (85), and (192), can be used 
to determine the downstream temperature. 

For the flow of a thermally perfect gas, the simultaneous 
solution of equations (84), (85), (193), and (2) yields the 
following relation from which the temperature behind the 
shock wave can be found: 


(ee en ee ann 


ви + (7 eet ) 4ҝ07,- T)+ 


Ypert 7” 1 

1 
— вт) =0 [adiab, therm perf] (194) 
Since the total temperature T, remains constant across а 
shock wave, other flow parameters behind the shock wave 


can be found with the aid of previously presented one- 
dimensional flow relations. The variations of 


(т)... perf, 6 Um perf, tw pert 
— 3 
г) A = 
UU perf pi perf P to perf 


6 j (59 
the і, Mx, erm рег! Ра therm f 
rm perf 1 pert ond pert 
2) M 2pert A 
i 
p perf Du perf 


with upstream Mach number for several total temperatures 
are presented in charts 15 through 20, respectively. 


268292—54——8 
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OBLIQUE SHOCK WAVES 


For а thermally imperfect gas, no simple eguations can be 
found to relate the values of the flow parameters across 
oblique shock waves. In general, trial-and-error procedure, 
starting with assumed values of p; and 75, and involving the 
relations for the conservation of mass, momentum, and 
energy, must be used. (See eqs. (115), (116), (117), and 
(1182) as well as equations (5) and (183).) For a thermally 
perfect gas, the Mach number downstream of an oblique 
shock wave can be found with the aid of the energy equation 
(see eqs. (1182) and (186)), thus 


2T, [ yM Ypert _ 2 
мр 2 [MP (лм y (aT) 
“ үз Т 2 Ypert 1 Ti T 


9]! [adiab, therm perf] (195) 


Ө 1 
ІН 29/71--1 —S ai li 


where yi and y; are the functions of T, and 7, respectively, 
given by equation (180). “The pressure ratio across the shock 
13 given by 

Pi 


1 T | 
ш | (1 LE +, 2) + 


ү (а УМ) = т, (1 име | ЕЕС: T, | 


[adiab, therm perf] (196) 


The density ratio can be determined from the equation of 
state (eq. (2)) with the aid of the pressure and temperature 
ratios. The shock-wave and deflection angles are given by 
(see ref. 8) 


NOE 
CE 


-  [adiab, therm peri] (197) 


and 
) y M; | 
eot 6=tan 0 — —1 [adiab, therm perf] (198) 
2 
=== 1 
Pi 
respectively 


The variation of 0 with à for various values of M; and Т 
is presented in chart 21. In addition, the variations of 


P2— Pi 
(Mo) therm perf qi therm perf 
пешра ande 
(M. 2)pert СЕ Pi 


41 perf 
are presented in charts 22 and 23. 


Values of the ratios 


with 8 for various M, and Т 


ёй Е Т, Ро 


pi pi T, Pr, 


for the flow of a thermally perfect gas across an obligue shock 
wave can be determined from the normal-shock relations, 
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provided that M, sin 0 is used instead of M, and that the 
static temperature Т) just upstream of the shock wave is the 
same for the oblique shock wave as for the normal shock 
wave. 
PRANDTL-MEYER EXPANSION 
The Prandtl-Meyer angle for the flow of an imperfect gas 
can be found by graphically integrating the equation (see 


ref. 8) 
yz — | БЕК; —— [isen] 


р. PV” tang а 


The relations between p, p, V, and и can be found with the 


aid of equations (5), (187), (183), and (185). For a thermally 
perfect gas this eguation becomes (see, again, ref. 8) 


— || ? sin Зи а 

дүр 

The relations between y, p, and ш can be found with the aid 
oÍ equations (180), (189), and (186) using the temperature 


as a parameter. "The graphical integration of equation (200) 
has been carried out, and the variations Of vinerm рег and 


Пвеп, therm peri] (200) 


Viherm perf 


with Mach number for various values of total 


Vpert 
temperature are presented in chart 24. 


APPENDIX А 
VISCOSITY AND THERMODYNAMIC CONSTANTS FOR AIR 


VISCOSITY 


The viscosity of air is nearly independent of pressure; the 
variation with absolute temperature, between temperatures 
of about 300? R and 900? R, may be approximated by the 


formula 

L T 0.76 

а 
For a wider range of temperatures, between about 180? R 
and 3400? R, Sutherland’s formula (see ref. 19) is more 


accurate: 
Mo 1,+198.6 (>) 
ur T-Ą-198.6 NT. 


(A1) 


(A2) 


The viscosity of air, as determined from this relation, may 
be expressed as 


"3/2 
ПЕЕ ДД xD ie 


74 198:6 (АЗ) 


This latter equation has been employed in the calculations 
of Reynolds number (chart 25). 


THERMODYNAMIC CONSTANTS 


The value of y employed for air, when treated as a com- 
pletely perfect gas, is 7/5. “This simple value, which has 
been employed in table I, table II, charts 1 to 4, and chart 
25, is a good approximation to the more precise values 
obtained from spectroscopic measurements (see ref. 20). 
Values of с), с,, and R for air, consistent with the approxima- 
tion y=7/5, are 


с,--6006 ft?/sec? УК 
c,=4290 ft?/sec? "R 


R= 1716 ft^/sec? °К 


APPENDIX B 
REYNOLDS NUMBER 


Reynolds number is defined as 


p PV! 
" 


(B1) 


For sea-level conditions, 


k œ=10,000 (V in mph) (in ft) (B2) 


In a wind tunnel (subsonic or supersonic), if isentropic 
expansion is assumed from a total pressure p, and equation 


(A2) is used for the variation of viscosity with temperature, 
the Reynolds number per unit reference length is given by 


„= T | 198.6 
i „M i TTT, 
j^ NEC (а ) 1198.0 рамі 49) 
HUE 


The Reynolds number per unit length for p,—1 psia has 
been plotted in chart 25 as a function of M for various total 
temperatures Т. 


APPENDIX С 
PRESSURE CONVERSION FACTORS AND CONSTANTS 


Multiply ——> | | 
| 
by lb Ib in. НО | in Hg | cm. Hg | Standard 
% in.2 ft? at 70? F at 709 F at 70° F shores 
to obtain\, | ERE 
lè | 
— ` ——— Pp" pesè! P i ! 
Ibin: 1 0.006944 | 0.03607 | 0.4892 | 0.1926 | 14.7 
lb/ft? 144 La 5.194 | 70.45 27.74 | 217 
in. ЊО (709 Е) 27.73 ‚ 1925 1 13. 56 5. 340 407. 6 
in. Hg. (70? Е) | 204 . 01420 . 07373 1 3037 30. 05 
cm. Hg. (70° Е) | 5.192 “08605 .1873 2. 540 1 76. 33 
Standard | 
atmospheres 06804 | „004725 | „002453 | „033238 | .0110 — 1 
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. Anon.: Handbook of Supersonie Aerodynamics. 
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TABLES 


The tables that follow contain numerical values for certain 
quantities often required for the solution of problems in 
compressible flow. Тһе symbols used in these tables are 
the same as those used in the preceding sections. For con- 
venience, however, the symbols are redefined at the end of 
table IT. 

To conserve space, a modified computing-machine notation 
has been adopted to indicate the position of the decimal 
point in the tabulated quantities. The location of the 
decimal point is governed by the following rules: 

(а) А group of digits followed by ., indicates that 
the decimal point should be n places to the left of 
the first digit. 

Example: .3268 _.= 0003268 
A group of digits followed by 4, indicates that the 
decimal point should be n places to the right of the 
last digit. 

Example: 3268 ,,;=3,268,000 
A group of digits without a suffix indicates that the 
decimal point is correctly located as printed. 


F. C. Morey, 


(b) 


(c) 


TABLE I.—SUBSONIC FLOW 

The ratios given by equations (43), (44), (45), (48), (50), 
and (83) are given as functions of Mach number. If, at a 
point in an isentropic flow, any one of these ratios or the 
Mach number is known, then all other ratios for that point 
can be read or interpolated from the table. In addition, 
the parameter 8=—4| M? — 1|, which is sometimes more con- 
venient to use than the Mach number itself, is also tabulated. 

TABLE IL—SUPERSONIC FLOW 

The ratios given in table I for subsonic flow are also given 
in table II for supersonic flow. “The Mach angle и and the 
Prandtl-Meyer angle v are also given as functions of Mach 
number. In addition to these point functions for isentropic 
flow, the normal-shock relations given by equations (93), 
(94), (95), (96), (99, and (100) are tabulated as functions 
of the Mach number М. ahead of the shock wave. Although 
these values are for normal shock waves, the values of 
Pili, ргірі, Тој Т1, and ра, may also be used for oblique 
shock waves, provided М; sin 0 is used instead of M, in the 
first column. 
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y=7/5 
p D T 0 А p p T q A У 
М = 2 ES КА Ža = M Е. £ Es ки са ње 
ў p: pt Ti В p: A, x а, : p: р: T, P Di А, а. 
0 1. 0000 1. 0000 1. 0000 1. 0000 oo | 0. 50 0. 8430 0. 8852 0. 9524 0. 8660 0. 1475 1. 3398 0. 53452 
.01 . 9999 1. 0000 1. 0000 ]. 0000 .7000 — 57.8738 | . 01095 „51 . 8374 . 5809 . 9506 . 8602 1525 1.3212 . 54469 
.02 . 9997 . 9998 . 9999 . 9998 2799 — 28. 9421 | . 02191 . 52 . 8317 . 8766 . 9187 . 8542 1574 1. 3034 . 55483 
. 03 . 9994 . 9996 . 9998 . 9995 0296 -3 19. 3005 | . 03286 . 53 ‚ 8259 . 8723 ‚ 9468 . 8480 1624 1. 2865 ‚ 56493 
. 04 . 9989 ‚ 9992 . 9997 ‚ 9992 1119 -? 14. 4815 | ‚ 04381 ‚ 54 . 8201 . 8679 . 9449 ‚ 8417 1674 1. 2703 . 57501 
. 05 . 9983 . 9988 . 9995 | . 9987 1747 -2 11. 5914 . 05476 | .95 . 8142 . 8634 . 9430 .8352 | 1724 1. 2550 . 58506 
‚ 06 . 9975 . 9982 . 5993 | ‚ 9982 .2514 -? 9. 6659 . 06570 | . 56 . 8082 . 8589 . 9410 | . 8285 1774 1. 2403 . 59507 
. 07 . 9966 . 9976 . 9990 | . 9975 . 3418 -2 8. 2915 . 07664 | . 57 . 8022 . 8544 . 9390 | . 8216 1825 1. 2263 . 60505 
. 05 . 9955 9968 „9987 | . 9958 4460 -2 7. 2616 ‚ 08758 | . 58 .7962 . 8498 . 9370 . 8146 1875 1. 2130 . 61501 
. 09 ‚ 9944 9960 . 9984 | 9959 | 5638 6. 4613 . 09851 . 59 . 7901 . 8451 . 9349 . 8074 1925 1. 2008 . 62492 
| | | 
„10 . 9930 . 9950 9980 | 9950 . 6951 — 5. 8218 ‚ 10944 . 60 . 7840 . 8405 ‚ 9328 „8000 . 1976 1. 1882 . 63481 
„1 . 9916 . 9940 . 9976 9939 8290 -: 5. 2992 . 12035 ‚ 61 . 7778 . 8357 . 9307 . 7924 . 2026 1.1767 . 64466 
‚ 12 . 9900 9928 . 9971 . 9928 9979 — 4. 8643. | . 13126 . 62 . 7716 . 8310 . 9286 . 7846 . 2076 1. 1057 . 65448 
| . 13 . 9883 . 9916 . 9966 . 9915 1169 ~! 4. 4969 | . 14217 . 63 . 7654 . 8262 . 9265 . 7766 2127 1. 1552 . 66427 
. 14 . 9864 ‚ 9903 . 9961 . 9902 1353 -1 4. 1824 | . 15306 . 64 . 7591 . 8213 . 9243 ‚ 7684 2177 1. 1452 . 67402 
.15 . 9844 9888 . 9955 . 9887 1550 ~! 3. 9103 . 16395 . 65 . 7528 8164 . 9221 . 7599 | . 2227 1. 1356 . 68374 
.16 | . 9323 . 9873 . 9949 . 9871 1760 =! 3. 0727 . 17482 . 66 . 7465 8115 . 9199 . 7513 | . 2276 1. 1265 . 69342 
„17 | . 9800 . 9857 . 9943 . 9854 .1983 ~i 3.4635 . 18569 . 67 . 7401 . 8066 ‚ 9176 „7424 | . 2326 1.1179 „70307 
. 18 . 9776 . 9840 . 9956 . 9837 „2217 -! 3. 2779 . 19654 . 68 . 7338 ‚ 8016 . 9158 ‚ 7332 . 2375 1. 1097 . 71263 
. 19 . 9751 . 9822 „9928 | ‚ 9818 . 2464 - 3. 1123 . 20739 . 69 | . 7274 7966 . 9131 . 7238 . 2424 1. 1018 .72225 
.20 9725 9803 | . 9921 | 9798 | 2723 — 2. 9635 . 21822 .70 | 7209 .7916 . 9107 . 7141 2473 1.0944 . 73179 
„21 . 9697 9783 . 9913 9777 . 2994 ~i 2. 8293 . 22904 . 71 7145 . 7865 . 9084 . 7042 . 2521 | 1. 0878 . 74129 
.22 . 9668 9762 . 9904 .9755 „3276 ri 2. 7076 . 23984 .72 ` . 7080 . 7814 . 9061 . 6940 . 2569 | 1. 0806 . 75076 
.23 | . 9638 9740 . 9895 , 9732 3569 ~! 2. 5968 . 25068 „73 „7016 „7763 . 9037 . 6834 . 2617 1.0742 . 76019 
. 24 „9607 ‚ 9718 . 9886 9708 | „9874 7! 2. 4956 . 20141 „74 . 6951 . 7712 . 9013 . 6726 . 2664 1. 0681 . 76958 
| | 
. 25 ‚9575 ‚ 9694 . 9877 . 9682 4189 ~ 2.4027 | .27217 | „75 „6386 . 7660 . 8989 . 6614 2711 1. 0624 . 77894 
. 26 . 9541 . 9670 „9867 „9656 4515 ~l 2.3173 „28291 | . 76 . 6821 7609 | . 8964 . 6499 2758 1. 0570 ‚ 78825 
.27 . 9506 . 9645 9856 . 9629 „4851 -! 2. 2385 . 20364 „17 . 6756 7557 | . 8940 . 6380 2804 1.0519 . 79753 
. 28 ‚ 9470 . 9619 . 9846 | . 9600 5197 ~! 2. 1656 . 30435 . 78 ‚ 6691 7505 ‚ 8915 . 6258 | . 2849 1.0471 . 80677 
. 29 . 9433 ‚ 9592 . 9835 9570 | 5553 ri 2. 0979 . 31504 . 79 . 6625 . 7452 . 8890 „6131 | . 2804 1. 0425 . 81597 
.30 | .9395 ‚9564 . 9823 9539 | .5919 — | 2.0851 | .32572 | 280 6560 ‚ 7400 .8865 | .6000 | .2939 1. 0382 | .82514 
ЗІ | . 9355 . 9535 . 9811 9507 0203 -1 1. 9765 .93037 | „81 6495 . 7347 . 8840 . 5864 . 2083 1.0342 ‚ 8425 
„д2 ‚9315 9506 9799 . 9474 .6677 7! 1. 9219 . 34701 „82 6430 . 7295 . 8815 . 5724 . 3027 1. 0305 . 84335 
. 33 . 9274 9476 9787 9140 . 7069 “а 1.8707 | . 35762 | ‚ 83 . 6365 „7242 . 8789 . 5578 . 3069 1. 0270 . 85239 
. 34 . 9231 0445 9774 9404 . 7470 mi 1.8229 | .36822 | . 84 . 6300 7189 ‚ 8763 | . 5426 . 3112 1. 0237 ‚ 86140 
.35 . 9188 . 9413 . 9761 9367 „7879 — 1. 7780 . 37879 . 85 . 6235 | . 7136 . 8737 | . 5265 3153 1. 0207 . 87037 
.36 ‚ 9143 9380 . 9747 9330 | . 8295 ri 1.7358 . 38935 . 86 6170 . 7088 „8711 ‚ 5103 | 3195 1.0179 „57929 
287 .9098 9347 . 9733 9290 „8719 ~i 1. 6961 . 39988 || „87 | 6106 . 7030 . S685 .4931 | ‚3235 1. 0153 . 88818 
. 38 . 9052 . 9313 . 9719 . 9250 9149 ~! | 1. 6587 .41039 | ‚ 88 . 6041 . 6977 . 8659 . 4750 .9275 1. 0129 . 89703 
.39 | „9004 . 9278 9705 9208 9587 -1 1. 6234 . 42087 . 89 . 5977 . 6924 . 8632 . 4500 „3314 1. 0108 . 90583 
‚40 . 8956 ‚ 9248 9690 9165 1003 1. 5901 .43133 | . 90 . 5913 . 6870 . 8606 . 4359 ‚3352 | 1. 0089 . 91460 
. 41 8907 . 9207 . 9675 9121 1048 1.5587 . 44177 . 91 5849 . 6817 . 8579 .4146 3390 | 1.0071 . 92332 
„42 „8857 9170 . 9659 . 9075 1094 | 1. 5289 . 45218 . 92 5785 | 6764 . 8552 . 3919 3427 1.0056 . 93201 
. 43 . 8807 . 9132 . 9643 | . 9928 | 1140 1.5007 . 46257 | ‚ 93 . 5721 | 6711 | ‚ 8525 . 9076 3464 1. 0043 . 94065 
. 44 . 8755 . 9004 . 9627 . 8980 | 1187 1.4740 . 47293 || . 94 . 5658 . 6658 . 8408 . 3412 3500 1. 0031 . 94925 
.45 | „8703 . 9055 . 9611 . 8030 1234 1.4487 | .48326 | . 95 5595 ‚ 6604 „8471 „9122 . 3534 1. 0022 .95781 
| .46 „8650 . 9016 ‚ 9594 . 8879 . 1281 1. 4246 .49357 | . 96 . 0532 . 6551 . 8444 . 2800 3569 1. 0014 . 96633 
| .47 . 8596 ‚ 8976 . 9577 . 8827 1329 1. 4018 „50385 . 97 5169 6198 . 8416 . 2431 . 3602 1. 0008 . 97481 
.48 ‚ 8541 . 8035 9560 8773 1378 1.3801 . 51410 . 98 5407 | 6445 8389 ‚ 1990 ‚ 3635 1. 0003 . 93325 
. 49 8486 . 8894 . 9542 | „8717 | 1426 1.3595 .52433 | . 99 5345 6392 | . 8361 . 1411 . 9667 1. 0001 . 99165 
| | 1. 00 5283 6339 8333 . 0000 3693 1. 0009 1.00000 
TABLE II.—SUPERSONIC FLOW 
y=7/5 
M | T | Ji ў ; T Dt ; 
Or + B. == B 4 A = | р m М p2 pz Nd sè 22 Pı 
Mi р: pt Г, p: А, аж Di pi Ti Ра Di, 
i B | pe 0 | Е m 229: SPSS ЕЕ ег жы қысас далады ые зас кају | "R 
1.00 10.5283 0. 6339 0. 8333 0 0. 3698 1. 000 1.00000  : 0 | 90.00 1.000 1. 000 1. 000 1.000 1.000 0. 5233 
1.01 . 5221 . 6237 . 8305 . 1418 . 3728 1. 000 1. 00831 04473 | 81.93 . 9901 1. 023 | 1.017 1.007 1.000 . 0221 
1.02 . 5160 . 6234 . 8278 2010 ‚ 3758 1.000 1.01658 . 1257 78. 64 . 9805 1. 047 1. 033 1. 013 1.000 5160 
1.03 . 5099 6181 . 8250 2468 „8787 1.001 1.02481 . 2294 76.14 . 9712 1.071 1.050 1.020 1.000 . 5100 
1.04 . 5059 6129 . 8222 . 2857 . 9815 1.001 1.03300 . 3510 74. 06 . 9520 1.095 1. 067 1.026 . 9999 . 5039 
1. 05 . 4979 ‚6077 8193 3202 . 9842 | 1.002 1.04114 4874 72.25 . 9531 1. 120 1. 084 1. 033 9999 4980 
1. 06 . 4919 . 6024 8165 . 3516 . 3869 1. 003 1.04925 6367 70. 63 . 9444 1.144 1.101 1.039 . 9997 4920 
1.07 . 4860 . 5972 8137 3807 . 3895 1. 004 1. 05731 7978 69.16 . 9360 1.169 1.118 1.046 9996 4861 
1.08 . 4800 . 5920 8108 4079 . 3919 1.005 1.06538 9580 67. 81 ‚ 9277 1. 194 1.185 1.052 . 9994 4803 
1. 09 ‚ 4742 5869 . 8080 | 4337 . 3944 1. 006 1. 07331 1. 148 66. 55 . 9196 1. 219 1.152 1.059 . 9992 4746 
1.10 . 4684 . 5817 , 8052 4583 . 3967 1. 008 ]. 08124 1.336 65.38 .9118 1.245 1.169 1.065 . 9939 . 4689 
| 1.11 . 4626 . 5766 . 8025 . 4818 . 3990 1.010 1.08913 1. 532 04. 28 . 9041 1.271 1. 186 1.071 . 9986 . 4632 
1.12 . 4568 . 5714 7994 . 5044 . 4011 1.011 1. 00699 ]. 735 63. 23 . 8966 1. 297 1. 203 1.078 . 0982 . 4576 
1.13 . 4511 , 5663 . 7966 5262 . 4032 1.013 1. 10479 1.944 62. 25 . 8892 1.323 1.221 1. 084 „9978 4521 
1.14 ‚ 4455 . 5612 . 7937 . 5474 . 4052 1.015 1. 11256 2. 160 | 61.31 Í „8820 1.350 1.238 1.090 . 9973 . 4467 
1.15 . 4398 5562 . 7908 5679 . 4072 1. 017 1. 12029 2. 381 60. 41 750 1.376 1.255 1.097 . 9967 . 4413 
1.16 „4343 „5511 7879 . 5879 . 4090 1. 020 1. 12797 2. 607 59. 55 . 8682 1.403 1.272 1. 103 . 9961 4360 
1.17 . 4287 . 5461 . 7851 „6074 . 4108 1.022 1. 13561 2. 839 58. 73 ‚ 8615 1.430 1. 290 1. 109 „9953 ‚ 4307 
1. 18 . 4232 . 5411 ‚ 7822 . 6264 .4125 1. 025 1. 14321 3. 074 57. 94 . 8549 1.458 1.307 1. 115 . 9946 . 4255 
1. 19 . 4178 . 5361 . 7793 . 6451 . 4141 1. 026 1. 15077 3. 314 57. 18 . 8485 1.485 1.324 1.122 ‚ 9937 4204 
1.20 . 4124 . 5311 7764 | . 6633 4157 1. 030 1. 15828 3. 558 56. 44 8422 1. 513 1. 342 1. 128 9928 4154 
1.21 . 4070 5262 7735 . 6812 4171 1.033 1. 16575 3. 806 55. 74 . 8360 1. 541 1.359 1. 134 . 9918 4104 
1. 22 . 4017 . 5213 „17706 | 6989 4185 1.037 1. 17319 4.057 55. 05 . 8300 1. 570 1. 376 1.141 . 9907 ‚ 4055 
1. 23 „3964 5164 „7677 7162 4198 1.040 1. 18057 4.312 54. 39 „8241 1. 598 1.394 1. 147 . 9896 . 4006 
1. 24 . 3912 5115 7648 7332 . 4211 1.043 1.18792 | 4. 569 53.75 8183 1.627 1.411 1.153 . 9884 .3958 
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TABLE II.—SUPERSONIC FLOW -—Continued 


у=7/5 
T q A V pa pa 
= — —- — y M. 
T, 5 p: A, аж a ` Pi pi 
. 7619 7500 . 4223 1.047 1. 19523 4. 830 53. 13 . 8126 1. 656 1.429 
„7590 7666 . 4233 1. 050 1. 20249 5. 093 52. 53 „5071 1. 686 1.446 
. 7561 7829 . 4244 1. 054 1. 20972 5. 359 51. 94 . 8016 1.715 1. 463 
7532 7990 . 4253 1. 058 1. 21690 5. 627 51.38 7963 1.745 1.481 
7503 8149 . 4262 1. 062 1. 22404 5. 898 50. 82 7911 1.775 1.498 
‚ 7474 8307 4270 1.066 1. 23114 6. 170 50. 28 „7860 1. 805 1.516 
. 7445 | 8462 4277 | 1.071 1. 23819 6. 445 49. 76 „7809 1.835 1. 533 
. 7416 8616 4283 | 1.075 1. 24521 6. 721 49. 25 7760 1. 866 1. 551 
7387 8769 4289 | 1.080 1. 25218 1.000 48. 75 7712 1. 897 1. 568 
7358 8920 4294 1.084 1. 25912 7. 280 48. 27 7664 1. 928 ]. 585 
7329 9069 .4299 1. 089 1. 26601 7. 561 47. 79 7618 1. 960 1. 603 
„7300 9217 . 4303 1.094 1. 27286 7. 844 47.33 7572 1.991 1.620 
„7271 9364 „4306 1. 099 1. 27968 8. 128 46. 88 „7527 2.023 1. 638 
1242 9510 . 4308 1. 104 1. 28645 8. 413 46. 44 . 7483 2. 055 1. 655 
. 7213 9655 . 4310 1.109 1. 29818 8. 699 46. 01 7440 2. 087 1.672 
7184 | . 9798 4311 1.115. 1. 29987 8. 987 45. 58 7397 2. 120 1. 690 
7155 | . 9940 . 4312 1. 120 1. 30652 9. 276 45.17 7355 2.153 1.707 
7126 1.008 .4312 1. 126 1.31313 9. 565 44.77 7314 2. 186 1.724 
7097 1.022 „4311 1. 132 1. 31970 9. 855 44.37 . 7274 2. 219 1. 74: 
7069 1.036 . 4310 1.138 1.32623 10. 146 43. 98 . 1235 2. 253 1.759 
7040 1.050 . 4308 1.144 1. 33272 10. 438 43. 60 . 7196 2. 286 1. 776 
„7011 1.064 . 4306 1.150 1. 33917 10. 731 43, 23 22157 2. 320 1. 793 
6982 1.077 . 4303 1.156 1.34558 11.023 42. 86 . 7120 2.354 1.811 
. 6954 1.091 . 4299 1. 163 1.35195 11.317 42.51 . 7083 2. 389 1. 828 
. 6925 | 1 105 ‚ 4295 1.169 1.35828 11. 611 42. 16 . 7047 2. 428 1. 845 
. 6807 1. 118 .4290 | 1.176 1. 36458 11. 905 41.81 „7011 2.458 1.862 
6868 1.131 . 4285 1. 183 1. 37083 12. 200 41. 47 . 6976 2. 493 1. 879 
6840 1.145 . 4279 1.190 1.37705 12. 495 41.14 . 6941 2. 529 1.896 
. 6811 1. 158 . 4273 1.197 1.38322 12. 790 40. 81 . 6907 2. 564 1. 913 
6783 | LIV . 4266 1. 204 1.38936 13. 086 40. 49 . 6874 2. 600 1. 930 
6754 1. 184 , 4259 1. 212 1.39546 13. 381 40. 18 . 6841 2. 636 1. 947 
6726 1.197 ‚ 4252 1.219 1. 40152 13, 677 39. 87 . 6809 2. 673 1.964 
. 6698 1. 210 . 4243 1.227 1. 40755 13. 973 39. 56 . 6777 2. 709 1. 981 
. 667 1. 223 ,4235 1.234 1.41358 14. 269 39.27 . 6746 2. 746 1.998 
. 6642 1.236 | ,4226 1. 242 1.41948 14. 564 38. 97 6715 2. 783 2. 015 
| 
. 6614 1.249 | .4216 1.250 1.42539 14. 861 38. 68 ‚ 6684 2.820 2. 032 
6586 1. 262 . 4206 1. 258 1. 43127 15. 156 38. 40 . 6655 2. 857 2. 049 
6558 1.275 . 4196 1.267 1. 43710 15. 452 38.12 . 6625 2. 895 2. 065 
6530 1.287 . 4185 1.275 1. 44290 15. 747 37.84 . 6596 2. 933 2. 082 
6502 | 1.300 . 4174 1.284 1. 44866 16. 043 37.51 . 6568 2.971 2. 099 
. 6475 1.312 .4162 1. 292 1. 45439 16. 338 37.31 . 6540 3. 010 2.115 
. 6447 1. 325 . 4150 1.301 1.46008 16.633 | 37.04 . 6512 3.048 2.132 
. 6419 12997 . 4138 1.310 1.46573 16.928 | 36.78 6485 3. 087 2. 148 
. 6392 1.350 ‚ 4125 1.319 1.47135 17.222 | 36.53 6458 3.126 2.165 
. 6364 1.362 „4112 1.328 1.47693 17. 516 36. 28 6431 3. 165 2. 181 
. 6337 1. 375 ‚ 4098 1.338 1.48247 17. 810 36. 03 6405 3. 205 2. 198 
‚ 6310 1.387 . 4085 1.347 1. 48798 18.103 | 35.79 . 6380 3. 245 2. 214 
„6283 1.399 . 4071 1.357 1.49345 | 18.397 35.55 . 6355 3. 285 2. 230 
. 6256 1.412 . 4056 1.367 1.49888 18.689 35. 31 . 6330 3. 325 2. 247 
6229 1.424 „4041 1.376 1. 50429 18. 981 35. 08 . 6305 3. 366 2. 263 
6202 1. 436 . 4026 1.386 1. 50966 19. 273 34.85 . 6281 3.406 2. 279 
6175 1. 448 . A011 1.397 1. 51499 19.565 | 34.62 . 6257 3.447 2. 295 
6148 1.460 . 3996 | 1.407 1. 52029 19.855 34.40 ‚ 6284 3.488 2.3 
. 6121 | 1.473 „3980 1.418 1.52555 | 20.146 34.18 . 6210 3. 530 2.327 
. 6095 1.485 . 3964 1. 428 1.53078 | 20.436 33. 96 . 6188 3.571 2. 343 
6068 1.497 .3947 1.439 1.53598 20. 725 33. 75 . 6165 3. 613 2. 359 
. 6041 1. 509 .3931 1.450 1.54114 21. 014 33.54 . 6143 3. 655 2. 375 
6015 1.521 . 3914 1.461 1. 54626 21.302 33. 33 . 6121 3. 698 2. 391 
5989 1. 533 . 3897 1.472 1. 55136 21. 590 33. 12 | ‚ 6099 3.740 2.407 
5963 1.545 „3879 1.484 1.55642 21.877 | 82.92 6078 3. 788 2. 422 
5986 1.556 . 3862 1.495 1.56145 | 292.163 32. 72 . 6057 3. 826 2. 438 
. 5910 1.568 . 3844 | 1. 507 1. 56644 22.449 82.52 ‚ 6036 3.870 2. 454 
. 5884 1.580 | . 3826 1.519 1.57140 22. 735 32. 33 . 6016 3. 913 2.469 
5859 1.592 .3808 1.531 1.57633 28. 019 32. 13 . 5996 3. 957 2. 485 
5833 1. 604 „3790 1.543 1.58123 23.303 31. 94 „5976 4. 001 2. 500 
. 9807 1. 616 . 3771 1.555 1. 58609 23. 586 31. 76 . 5956 4. 045 2. 516 
5782 | 1.627 . 3758 | 1. 568 1.59092 23. 869 31.57 „5937 4. 089 2, 531 
5756 i 1. 639 . 3734 | 1. 580 1. 59572 | 24.151 | 31.39 . 5918 | 4,134 2. 546 
5731 1. 651 . 8715 | 1. 593 1. 60049 24.432 31.21 . 5899 4. 179 2. 562 
5705 1.662 | .3696 1. 606 1. 60523 24.712 31.03 . 5880 4. 224 2.577 
5680 1.67 .3677 1. 619 1. 60993 24. 992 30. 85 ‚ 5862 4. 270 2. 592 
5655 1. 686 . 3657 1.633 1. 61460 25. 271 30.68 | .5844 4.315 2. 607 
„5630 1.697 „8038 1. 646 1.61925 25. 549 30. 51 „5826 4.361 2. 622 
. 5605 i 1. 709 . 3618 1. 660 1. 62386 25. 827 30. 33 . 5808 4.407 2. 637 
5580 — 1.720 3598 1.674 | 1.62844 26.104 | 30.17 | .5791 4.453 |2. 652 
. 5556 1.732 | 3579 1. 688 1. 63299 26. 380 30. 00 5774 4. 500 2.667 
. 5531 1.744 | „3559 1.702 1. 63751 26. 655 29. 84 . 5757 4.547: | 2. 681 
5506 1. 758 . 3539 1. 716 1. 64201 26. 929 29. 67 . 5740 4. 594 2. 696 
5482 1. 767 . 3518 1. 730 1. 64647 27. 203 29. 51 . 5723 4, 641 2.711 
. 5458 1 1.778 3498 | 1.745 1. 65090 27.476 29.35 . 5707 4. 689 2. 725 
‚ 5433 1.790 .5478 1. 760 1. 65530 27. 148 29. 20 5691 4. 136 2.7 
„5409 1.801 3458 1.775 1. 65967 28. 020 29. 04 5675 4. 784 2.755 
. 5385 1.812 . 3437 1. 790 1. 66402 28. 290 28, 89 5659 4.832 2. 769 
. 5361 1. 824 . 9417 1. 806 1. 66833 28. 560 28. 74 5643 4. 881 2, 783 
„5337 | 1.835 3396 1.821 1. 67262 28. 829 28. 59 5628 4. 929 2. 798 
. 5313 1. 847 „3376 1. 837 1. 67687 29. 097 28. 44 5613 4. 978 2. 812 
. 5290 1.858 ‚3355 1. 853 1. 68110 29, 364 28. 29 5598 5. 027 2. 826 
5266 1. 869 | . 3334 1. 869 1. 68530 29. 631 28. 14 . 5583 5.077 2. 840 
. 5243 1. S81 | „3314 1. 885 1. 68947 29. 897 28. 00 . 5568 5. 126 2. 854 
. 5218 1. 892 3293 1.902 1. 69362 30. 161 27. 86 ‚ 5554 5. 176 2. 868 
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A Id all Ae iii 


| | i 
M i ка ! i 
or i £ | 1 | A Lo no № 
Mi і pt | ж | А, | | | 
Moe M En c balan E M i ~ - | 
2.15 | леп раве — | „872 | Ë 30.425 | | „5540 | 
2.16 | „9956 .1925 | Е L 19385 | 1.701883 30. 680 | .5525 | 
2.17 | .9802 ‚1903 | L9 | 170580 30.951 ENG 
2.18 | „9640 | .1882 1 1.970 | 1.70092 321 | i .0498 | 
2.19 | .9500 jo. mmol Do L987 | 3, 71293 33.473 | 1.5384 | 
} i i i i 
2.20 | 9382 — | .1841 io 2.005 | 171791 31.72 і жо | LTE | i 
2.21 | .9207 — і .1820 | 2.023 | 1.724187 31,900. | 2690 | .5457 | 8 
2.22 | .9064 - | ,1800 po 204 | 1.7259 32.250 | 26,77 | „БЕА f 575 I 
2.93 | .8928 - | .1780 | 2050 | 172070 | 32.007 | 26.64 | 5481 | i 88 5 2 i 
2.24 | 28785 511 .1760 po 2008 | 173357 | 32.763 26.51 | .B48 | 13.005 | 892 6100 1 1440 | 
i 3 i i і і 1 
2.25 | „848 = | „БО 173742 | 33.08 | 2039 | „5466 | 019 1.901 | „6055 | на | 
2.28 | 854 “І .1721 L74125 | | 26.26 1 .5393 | 3, 032 1916 2 „601 | Пат i 
2.97; | ,8382 ~t | „1702 1. 74504 + „8381 | [3.045 | 1990 | „5066 Do. 1408 { 
298 | .8251 - | 1083 1, 74882 | . 5368 i 3.058 1.920 | ,5921 i 1394 | 
2.20 | „BIOS ње 1.78257 L .5356 13.071 1,938 5877 | „1382 | 
H H i 1 i 
2.30 | ci] „1646 1. 75629 | ‚5344 5.005 13,085 | 1.947 | „5833 i | 
231 | = | .1698 1. 1.5932 609 140% | 1.956 5789 | i 
232 Í . 1608 1. | .5321 8.113 Рано | 1865 | „5745 i { 
а | - 1592 ыл 1.5309 | 6167 13.18 | 1.974 | „5703 i 
2 | „157 17 | 8297 6921316 1.984 „5658 | : 
LAS | .7398 — | .1556 1.77453 | „5986 6276 | 3.149 | 1,093 | .5615 
2.36 | BE | .1539 177811 io. A275 6.331 13.162 | 2.002 5572 | 
237 | 27868 — „1522 1, 78106 | ‚ 5264 6.386 jaja | Zon | 
2.38 | отт c! | .1505 ‚4688 1.7549 | 5253 6442 | 3.187 | LWA і 
2.39 | „6048 - | „1488 à 1. | . 5242 6497 | 3.199 | 2.091 „1276 i 
i i 3 
6840 — | .H72 1. 76 | .5931 6,553 13.22 2.040 | „5401 ‚1266 | 
„8734 i | „1456 1.7 i 8221 5.609 13, 224 2. 050 5359 . 1257 | 
„бар 1449 ! 1.7 | .5210 6.666 | 4.247 2,059 | .8317 „1247 } 
„6527 — | HHA i і 1: | „5200 | 2: f 9.069 | .5276 „1237 
6426 - | .1408 i | i i. р | Т 2.079 | „5234 21998 
„6327 7i | „1892 | 4544 | 2.237 | -2658 1.80924 | „5179 | 2.088 . 5193 „1218 
.6228 -1 | Ç | .4524 Í 2248 | ,2639 1. 81258 | .5169 2.008 | „5152 .1209 
«6133 -1 į .136 | „4504 2.259 і .2619 1.51591 i .5159 2,108 | ми 1200 
„6038 — P „1346 рай 2.9098 1, 81921 | .5M9 | 2.18 і „5071 ЖЕУ i 
„5845 — i „1832 і 4484 2.280 1. 82249 “розы | i 2.128 | .5030 į ця i 
f 1 ў Н і ў 
5853 ci | „1317 . 4444 BAWO! 1, $2574 j 5130 7. | 2.138 | „4940 рН | 
„5762 — i .1302 | 4426 2.302 | 1: ! .520 | T 2.147 . 4950 POM H 
‚5674 vl | „1288 54405 2.318 | 1. i UL ў 7 ! 2.157 | „4911 „1155 Ë 
5886 — j .1274 | 4888 23M | i i | 5102 j 7. H 2,107 | „4871 ‚1147 
„5840 - Í .1260 | „4369 2335 | Lš ! 1.0092 j т. i ро 217 „4842 ‚1188 
{ И | i ! |: i ; 
2.55 | 5415 ci | „1246 | ASST Í 2346 | „2465 L 40.280 | : „5083 | 7. H ро X382 4798 ‚ 1130 
2.68 1 „5492 — | .1232 j 4328 | 2357 ‚2446 L 40.509 | 224 5041 T 1 8403 2,198 | „4754 ‚1122 
2.57 | „5250 - | ‚1218 - 4509 | 2367 | „ми 1, 1 40,746 | .9 | 508 | Y | 2.208 | .4715 „и 
2.58 | 5400711 „1205 - 4289 | 2.318 | 2409 L | 40.4 L 2281 „5056 T. 2.218 | .4677 ‚1105 
2,90 1 „5000 -; .1192 .4271 i 2389 | .2300 Бы 31.189 1 22 1 1.597 pou 2.228 1 .4639 -1097 i 
| | i i i i i i | 
2.60 | .5012 “І .1170 ‚4252 | £400 | 2.896 | І. | 4145 | 2202 | 2090 | 7. о 228 | .4601 | „1088 і 
ZÈL | „4944 -t | .1166 .4233 | зан | 293 | L ji 41.638 | 225 | 25050010 7. Lo ФМ | з | .1081 И 
2.62 | 4850 — | 1153 ‚4214 | 242 | 2951 L | 44.58 i 2244 | .5022 | Z po 2289 | .1526 | .1074 
2. 784 c3 | 140 .4196 р 2432 |. 2.9/9 | 1.8806 | 42.086 | 2235 | WRB т | 229 . 4489 |. 1066 
L Ати ~ | .n28 ANT | 2443 | .2298 3.007 | 1.8003 | 42307 | 22.290 і 8008 | 7. | 2.280 | .4452 „1058 
| 1 i | | | 1 H i 
„4658 ci P UNS 1 4159 2454 | „2280 i | 1872208 | 42329 | | .4906 20050 |o 02290 | 24416 „1051 
„4565 — | „1103 рам | 465 | „2962 i | ва і 42749 | E 8, | 230 „4379 .1043 
„4498 7t | .1090 | ,4122 | 2.418 | „2245 i рэа / арак ; „4080 | 5. L 235 A343 . 1036 
.4420 — | „1019 | 4104 | 2486 „аа ! | 155081 | 43.187 „492 1 R Í 2399 | „4307 . 1028 
.4362 — | .1067 1 4056 { 2497 | .2200 | | 1.58368 | 43.405 „4964 | 8.2 j 2332 | 421 „1021 
| i | i i | і 1 ! i 
.4205 ‚ 1056 | | 25 i ,2)92 | Заю | 1.886853 | 43. 621 1 „4056 | 83; po di | .4236 
‚422% „144 ; Б mia i Í B213 | 188986 і 43.848 роза і 8, і A р „4201 
. 4165 . 1083 i РОВА i PO B244 | LSMBIR f 44. ! i з. i 2 „4166 
2 ‚4102 ‚1022 | і 2. i ро $278 | 1899407 1 44,26 i з і Хх ius ЕТУ: 
2 „4039 смер + | X550 | L 4.8306 | 1.89755 | ам | Па BB EET | „4097 i 
| i f i i i į | | | | i 
2. . 3978 | 2562 | | 3398 | 190051 | 44.0 | 2132 4018 | — 8656 | 3.6122 | 2397 | | .9782 
2. .3917 į | 2.972 | i 3,370 | 190325 і 44,906 j 21.24 | 491 і R 22 í 22407 | | .9224 
2. 3888 cid 2.585 | Í 3.402 | 190508 ! аит 1 2L16 | ез | 8. за | 248 | | 19658 
2. „3799 = | „9671 | зза і. po 5434 | 1190868 | 45,327 21.08 | .4806 | BB | 29 | ЕЕ 
2. „8742 1 „9966 | 2.605 | „2088 | 3.467 | 191137 | 45,837 21.0 | „4889 І К. | 20 | | 19526 
| | | { | B | i i | 
2.80 | 3685 ~! | „9468 | 26:5 | .2022 i 1. 91404 | 45746 | | S2] В. j 24 тоци oc | 
2.81 i .3628 — і .9360 | 2.626 | .2006 7.91669 | 45054 | 875 1 9. іі 2 | от “1; 
282 | .3574 - і .9259 2.637 1 .1990 i 1.91933 46161. | j 4808 | 8. į 2 6 9434 — | 
2.83 | „3520 — | .9158 | LOU 9 1 1. 92195 46.368 | jo.486b | 9 bo 24 ao 
284 | „3467 -! | 29059 i 268 | .1957 | 1.92455 | 4653 | ровы 19, jo 248 „aig TÉ 
| { | į i i i 
‚34145 — | „8062 — | ро 2600 і „1941 1 1.92714 | 46.778 | 20. . 4847 | 9.: ү, 2 Ж „3788 „947 ~ | 
.3368 — | „8865 ~! | 2676 | сов 1. 02970 46. 982 2047 | .4840 | 9: | x 28701 [0086 7t Í 
заа — | „8768 ^ij За. | ,1910 1. 93225 47.185 | 20.39 і „4833 | 9. 1 2. „3670 10026 c3 i 
3208 -: | 8675 — | j зі | .1894 1.93479 47.988 і 20.32 | .4827 | 9. Божа: „3639 19966 Ti 
-323 зб Въ i | j 2TH | . 1879 | 1.982 | 47.889 | 20.24 AW 19. | 2. „3608 i - | 
| i i | | { і і i f = Я | 
| .3165 — | „8488 ~ | | 2 | „3868 L 3.85 1.98981 | 47.790 | 2017 | 4814109. ро 2868 і „3877 Aj 
| «ЗИЯ 7t | .8398 — | .3712 | 23733 | .1848 ; 3.8 3. 94230 47,9900 | 20.10 ‚4807 9. po 25/75 | .3547 ті 
| .8071 ~i | .8307 - | .3696 БЕЗ } 1838 3.924 | 1.94477 48. 190 20.08 | .4800 9 2.586 | „3517 ! ~ | 
| .3025 =t | КӨҢ ~ | „3681 | 2 1 21818 | $901 | 1.04722 48.388 1 19.96 1 4798 9. 2.508 | .3487 | =} 
i . 2980 x. .8130 7i j „3665 b ow | - 1803 | 3.980 | 1, 94966 | 48. 586 | 19.89 4788 j 8 i i 2900 | .3457 i ща 
| | Н | | | | i ; i 
| .2995 з | .8043 — | .3649 ij 27/8 | БА | 4.038 | 1.95208 | 48.783 | 19.81 | 452 | age | ви | 26M | .3428 „8563 711 
| 1801-11 .7957 -1 | .3633 | 2786 Í 1773 | 4076 1965449 48980 | 19.75 4776 | 10.06 „ааа 2632 | .3398 „8507 ci] 
| „2848 ~] .7872 ~! | .3618 2797 | 1788 4.115 | 1.95088 49. 175 19. 68 4770 | 10.12 | 3.829 | 2644 | „3369 роз 7! 
| .2805 -t | .7788 ~t | „3602 і 2807 d „ТАА 4.155 | 195925 1 49.370 19.61 4764 10.19 13.839 | 2656 | .3340 | 8398 ст 
} 22064 з р .7105 mi | „3887 | 288 | ‚1729 j IDE | 190162 49.564 | 19.54 4758 | 10.26 | 3.848 | 2667 | 2 | „8845 л 
i i H H i i i 
i MW eti .1623 — | „3571 | 282 | 21715 4235 | 196306 | 49.757 19.47 4152 19.33 | 3.857 | 2079 .3283 | s ~ | 
| 2682 -! | .7541 “ti .3556 1 2838 f .1701 L 4275 | 1.00028 | 49.950 19. 40 4746 10.40 | 3.866 | уво Í 13255 i „8238 ci | 
2642 ~ 7461 ~i | .3541 2.850 | „1687 | 4.316 | 1.96861 50. 142 19.34 | .4740 | фат 1385 | 270% | .3227 i 
! 2.860 „1673 4.357 | 1.97091 | 50.333 19.27 4734 | . [3.884 | 2714 | „3200 i ^i 
2.871 ! .1659 4.399 | 1.97319 | 50,593 19.90 i .4729 32 i i 2.796 © .3172 i -1 
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TABLE II.—SUPERSONIC FLOW-— Continued 


у =7/5 
M p р T q A V | p: pa 
or — — — | В — — — и | L Moa = 
Mi Di pt Т, : ym | А, аж P: Pi 
e аа RES PN hs оса | | хел апр а —— сан ва а Кыша — PR 
3.05 2526 1! „7226 ~! . 8496 2. 881 1645 4. 441 1. 97547 50. 713 19. 14 . 4723 10. 69 3. 902 
3. 06 2489 -1 | .7149 ~ . 3481 2. 892 . 1631 4. 483 1.97772 50. 902 19.07 . A717 10. 76 3. 911 
3. 07 „2452 -1 | , 7074 ~ . 3466 2. 903 1618 4. 526 1. 97997 51.090 1901 . 4712 10. 83 3. 920 
3. 08 .2416 - | .6999 -: . 8452 | 2.913 1604 4.570 | 1.98219 51. 277 18. 95 . 4706 10. 90 3. 929 
3. 09 2380 са (6925 ~I . 3437 | 2. 924 . 1591 4. 613 1. 98441 51. 464 18. 88 . 4701 10. 97 3. 938 
| | | 
3.10 . 2345 -1 | .6852 ~ . 4422 | 2934 | 1577 4. 657 1. 98661 51. 650 18. 82 . 4695 11. 05 3. 947 
3.11 .2310 -1 | „6779 ~! . 3408 |. 2.945 | . 1564 4. 702 1. 98879 51. 835 18. 76 . 4690 11. 12 3. 955 
3.12 2276 ~! | .6708 ~! . 3393 | 2.955 2.1561 4. 747 1. 99097 52. 020 18. 69 . 4685 11.19 3. 964 
3. 13 2243 -1 | .6637 ~! . 3379 2.966 | .1538 4. 732 1. 99313 52. 203 18. 63 . 4679 11. 26 3. 973 
3. 14 2210 -1 | .6568 ~l . 3365 2.977 1525 4. 838 1. 99527 52. 386 18. 57 . 4674 11.34 3. 981 
3. 15 2177 i . 6499 -! | .3851 2. 987 1512 4. 884 1. 99740 52. 569 18. 51 . 4669 11.41 3. 990 
3.16 2146 ~! . 6430 —1 „8887 2. 998 1500 4. 930 1.99952 | #2751 18. 45 . 4664 11. 48 3. 998 
3.17 2114 -! „6363 - | ‚8828 8. 008 . 1487 | 4. 977 2. 00162 52. 931 18. 39 . 4659 11.56 4. 006 
3. 18 2083 ~: . 6296 ~) | „8809 3.019 . 1475 5. 025 2. 00872 53.112 18.33 . 4654 11.63 4.015 
3. 19 2053 ~i „6231 ~! | . 3295 3. 029 . 1462 5. 073 2. 00579 53. 292 18. 27 . 4648 11. 71 4. 023 
3. 20 .2023 -1 | .6165 ~ . 3281 — 3. 040 . 1450 | 5. 121 | 2.00786 53. 470 18.21 . 4643 11. 78 4. 031 
3. 21 1993 -!1 | .6101 ~ . 3267 | 8. 050 . 1438 | 5. 170 | 2 00991 53. 648 18. 15 . 4639 11.85 4. 040 
2:22 1964 — | .6037 ~ | .3253 3.061 | . 1426 5. 219 2. 01195 53.826 | 18.09 . 4684 11. 93 4. 048 
3. 23 1936 -1 .5975 -1 | „8240 3. 071 . 1414 5. 268 2. 01398 54.003 | 18.03 . 4620 12. 01 4. 056 
3. 24 1908 -: .5912 -1 . 3226 3. 082 ‚ 1402 5. 319 2. 01599 | 04.179 17. 98 . 4624 12. 08 4. 064 
| 
3. 25 1880 -1 „5851 са . 3213 | 3. 092 . 1390 5. 369 2. 01799 54. 355 17. 92 . 4619 12. 16 4. 072 
3. 26 1653 са „5790 ~!l . 3199 3. 103 . 1378 5. 420 2. 01998 54.529 | 17,86 . 4614 12. 28 4, 050 
3. 27 1826 -1 | .5730 ~ . 3186 3. 113 . 1367 5. 472 2. 02196 54.703 17.81 . 4610 12.31 4. 088 
3. 28 1799 -i | „5071 ~! . 9173 3. 124 . 1355 5. 523 2. 02392 54. 87 17. 75 . 4605 12.38 4. 096 
3. 29 1773 — | .5612 ~ . 3160 3.134 | .1344 5.576 | 2.02587 55. 050 17.70 . 4600 12.46 4. 104 
3.50 1748 ~i .5554 -  ,3147 3. 145 .1332 5. 629 2. 02781 55. 222 17.64 . 4596 12. 54 4. 112 
3.31 | .1722 ~ . 5497 ~ . 3134 3. 155 . 1321 5. 682 2. 02974 55. 393 17. 58 . 4591 12. 62 4. 120 
3.32 | 1698 ~i . 5440 -! . 3121 3. 166 . 1310 5. 736 2. 03165 55. 564 17. 53 . 4587 12. 69 4. 128 
3. 33 „1673 -1 . 5384 7 „+3108 3.176 „1299 5.7 2. 03856 7 55.734 17. 48 . 4582 12. 77 4. 135 
3.34 ‚1649 -: | .5329 -1 . 3095 3. 187 . 1288 5. 845 2. 08545 | 55,904 17.42 | . 4578 12. 85 4. 143 
3.35 1625 -1 | .5274 ~! .3082 i 3.197 . 1277 5. 900 2. 03733 56. 073 17. 37 .4573 | 12. 93 4. 151 
3. 36 1602 -! | „5220 ~? . 3069 3. 208 . 1266 | 5. 956 2. 03920 56. 241 17.31 . 4569 13. 00 4. 158 
3. 97 1570 —- | .5166 — | .3057 3. 218 . 1255 6. 012 2. 04106 56.409 | 17.26 ‚ 4565 13. 08 4. 166 
3.38 1557 -! „5113 - | ,3044 3. 229 . 1245 6. 060 2. 04290 56.576 | 17.21 . 4560 13.16 | 4.173 
3.39 1534 ~! . 5061 - „8032 3. 239 . 1234 6. 126 2. 04474 56.742 | 17.16 .4556 15. 24 4. 181 
3. 40 „1512 = . 5009 са . 3019 3. 250 . 1224 6. 184 2. 04656 | 56. 907 17. 10 .4552 13.32 4. 188 
3. 41 1491 ~ ‚ 4958 ~l . 3007 | 3.260 . 1214 | 6.242 2.04837 | 57.07: 17. 05 . 4548 13.40 4. 196 
3.42 „1470 ~ . 4908 ~! . 2995 DO 8.271 . 1208 | 6. 301 2. 05017 57. 237 17. 00 . 4544 13. 48 4. 203 
3. 43 1449 ~i ‚4858 -1 . 2982 | 3. 281 . 1193 | 6. 360 2. 05196 57. 401 16.95 | .4540 13. 56 4. 211 
3. 44 1428 -1 .4808 ~! . 2970 | 8.291 . 1183 6. 420 2. 05374 57. 564 16. 90 .4535 13.64 | 4,218 
3.45 | .1408 -1 „4759 ~ ‚ 2958 | 3.302 | . 1178 6.480 2. 05551 57. 726 16. 85 . 4531 13. 72 4. 225 
3.46 | 1388 -1 AZIL — | .2946 3.312 „1163 6.541 2. 05727 57. 858 16. 80 . 4527 13.80 4. 232 
3.47 1368 -! „4663 -1 „2934 3.323 | .1153 6. 602 2.05901 58.050 | 16.75 . 4523 13.58 4. 240 
3.48 1349 -1 . 4616 -! „2022 3. 333 . 1144 | б. 664 2. 06075 58. 210 16. 70 .4519 13.96 4. 247 
3.49 1330 -1 .4569 -1 | .2910 3. 344 . 1134 | 6. 727 2.06247 58.870 16. 65 .4515 14.04 4. 254 
3.50 .1311 “4 „4523 ~! . 2399 3.354 . 1124 | 6. 790 2. 06419 58. 530 16. 60 .4512 14.13 4.261 
3.51 .1293 ~t! .4478 ~ . 2887 3.365 . 1115 | 6. 853 2. 06589 58. 689 16. 55 . 4508 14.21 4. 208 
3.52 .1274 ~ .4483 - . 2875 3.8375 . 1105 | 6.917 2. 06759 58. 847 16. 51 .4504 14. 29 4. 275 
3.53 1256 -i .4388 ~i . 2861 3. 385 . 1096 | 6. 932 2. 06927 59. 004 16.46 . 4500 14.37 4. 282 
3. 54 „1289 - „4344 ~!l „2852 3.396 . 1087 | 7.047 2. 07094 | 59. 162 16.41 . 4496 14.45 4. 289 
3.55 „1221 =ч .4300 -1 | 2541 3.406 . 1078 | 7.113 2.07261 | 59318 16.36 . 4402 14.54 | 4.296 
3. 56 „1204 ~ „4257 7! „2829 3.417 . 1069 | 7.179 2. 07426 50. 474 16. 31 . 4489 14. 62 4, 303 
3.57 1188 — „4214 ~ „2818 3.427 ‚ 1059 | 7. 246 2. 07590 59. 629 16. 27 . 4485 14. 70 4. 309 
3. 58 1171 ~ .4172 ~! . 2306 3. 437 . 1051 | 7.313 2. 07754 59. 754 16. 22 . 4481 14. 79 4. 316 
3. 59 | 1155 -i „4131 -1 „2795 3. 448 . 1042 | 7.382 2. 07916 59. 938 16. 17 . 4478 14.87 4.323 
ET | 
3.60 | .1138 ~ .4089 -1 . 2784 3. 458 . 1033 7. 450 2. 08077 60. 091 16.13 | .4474 | 14.95 4. 330 
3.61 | 1123 са .4049 -1 „2773 3. 469 . 1024 | 7.519 | 2.08238 60. 244 16. 08 . 4471 15. 04 4. 336 
3.62 | „1107 ~ „4008 - . 2702 3.479 . 1016 | 7.589 | 2.08397 60. 397 16. 04 . 4467 15. 12 4. 343 
3. 63 | 1092 -i .3968 -1 . 2751 3. 490 . 1007 | 7.659 | 2.08556 60. 549 15. 99 . 4463 15. 21 4. 350 
3. 04 | 1076 ~i „4929 -1 „2740 | 8.500 .9984 -i 7.730 2. 08713 60. 700 15. 95 . 4460 15. 29 4. 356 
3. 65 | „1062 ~ . 3890 -1 . 2729 3.510 „9900 -1 7. 802 2. 08870 60. 851 15. 90 . 4456 15.38 4.363 
3.66 | .1047 - „3852 `i „2718 3. 521 „9817 - 7. 874 2. 09026 61.000 15. 86 . 4453 15. 46 4. 369 
3.67 | .1032 ~ „8813 — . 2707 3. 531 . 9734 -1 7.947 2. 09180 61. 150 15.81 . 4450 15. 55 4.376 
3.68 | „1018 - „3776 -1 | .2697 3. 542 . 9652 ~ 8. 020 2. 09334 61. 299 15.77 . 4446 15. 63 4.382 
3. 69 | 1004 -: 2.8789 ~! | . 2686 3. 552 . 9570 = 8. 094 2. 09487 61. 447 15. 72 . 4443 15. 4 4.388 
3 70 . 9903 -2 :9402. --1 . 2675 3. 562 . 9490 ~! 8. 169 2. 09639 61. 595 15. 68 . 4459 15.81 4. 395 
3.71 . 9767 -1 ‚3665 ~i . 2665 3. 573 .9410 ~ 8. 244 2.00790 | 61.743 15.64 ; .4436 15.89 | 4.401 
$, 72 . 9633 -: .3620 ~i . 2654 3. 583 .9331 =! 8. 320 2. 09941 61. 889 15.59 | .4433 15. 98 4. 408 
3. 73 . 9500 ~? | „3594 -1 . 2644 3. 593 .9253 -1 8.397 2. 10090 62. 036 15.55 ! .4430 16.07 4. 414 
3. 74 . 9370 - | .8558 mi . 2633 | 3.0604 . 9175 ~i 8. 474 2. 10238 62. 181 15.51 .4426 16.15 | 4.420 
3. 75 . 9242 — | .3524 ~i . 2623 3.614 | .9098 ~: 8. 552 2. 10386 62. 326 15.47 . 4423 16. 24 4. 426 
3. 7 . 9116 -? ‚3489 сп . 2613 3. 625 . 9021 -1 8. 630 2. 10533 62. 471 15. 42 . 4420 16. 33 4. 432 
3. 77 . 8991 -? | .3455 —1 | . 2602 3. 635 .8945 — | 8. 709 2. 10679 62. 615 15.38 . 4417 16. 42 4. 439 
3. 78 8869 -? | .3421 -i | .2592 3. 645 „8870 — | 8.780 | 2.10824 62.758 | 15.34 . 4414 16. 50 4. 445 
3. 79 8748 — | .3358 ou . 2582 3. 656 . 8796 — | 8. 870 | 2. 10968 62. 901 | 15. 30 . 4410 16. 59 4. 451 
3. 80 8629 -? . 3355 71 „2572 3. 666 ¿8722 =. | 8.951 | 2.11111 603.044 | 15.26 . 4407 16. 68 4. 457 
3. 81 8512 -? .3322 - „2562 3. 676 . 8649 — | 9. 032 2.11254 63, 186 15. 22 . 4404 16. 77 4. 463 
3. 82 8396 — .3290 1 | .2552 3. 657 „R577 ~ 9.115 2. 11395 63. 327 15. 18 . 4401 16. 86 4. 469 
3. 83 8283 ~? ‚8258 1 | ‚ 2542 3. 697 . 5505 ~! 9. 198 2. 11536 63. 468 15. 14 . 4398 16. 95 4. 475 
3. 84 8171 72 3227 T! | . 2532 3. 708 . 8434 ~ 9. 282 2. 11676 63. 608 15. 10 .4395 17. 04 4. 481 
| 

3. 85 | „8060 -2 «3195 əң! . 2522 3.718 „8363 —1 9. 366 2. 11815 63. 748 15. 06 .4392 17. 13 4. 487 
3.86 | .7951 -2 ‚3165 -1 . 2513 | 3.728 „8293 -t 9. 451 2. 11954 63. 887 15. 02 . 4389 17. 22 4. 492 
3. 87 „7844 -: .3134 ~ . 2503" | 3. 739 .8224 -І 9. 537 2. 12091 64. 026 14. 98 . 4386 17.31 4. 498 
3. 88 „7739 -2 .3104 ~: . 2493 | 8. 749 | „8155 ~! 9. 624 2. 12228 64. 164 14, 94 . 4383 17.40 4. 504 
3. 89 „7035 - „8074 ~ . 2484 3. 759 .8057 -1 9. 711 2. 12364 64. 302 14. 90 . 4380 17.49 4. 510 
3. 90 1532 72 | „3044 ~! . 2474 3.70 „8019 ~ 9. 799 2, 12499 64. 440 14. 86 . 4371 17. 58 4. 516 
3.91 7431 -? | .3015 -1 . 2464 3. 780 . 7952 ~ 9. 885 2. 12634 64. 576 14. 82 . 4375 17. 67 4. 521 
3. 92 „7332 ~? | „2986 —i . 2455 3. 790 . 7886 ~i 9. 977 2. 12767 64. 713 14, 78 . 4372 17.76 4.527 
3. 93 . 7233 — | ‚2958 - | . 2446 i; 8.801 „7820 ~! 10.07 2. 12900 64. 848 14.74 . 4369 17. 85 4. 533 
3. 94 7137 — | .2920 - „9436 | 3.811 „7755 mi 10.16 2. 13032 64. 983 14. 70 . 4366 17. 94 4. 588 
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Du PL 
Du Dt, 
.3145 | .8032 
.3118 . 7982 
. 3091 . 7039 
. 3065 ‚ 7882 
. 3038 7833 
.3012 7785 
. 9986 7737 
. 2960 7680 
. 2935 7042 
. 2910 7505 
. 2885 7549 
. 2860 7503 
‚ 2835 ‚ 7457 
.2811 27419 
. 2786 | .7367 
. 2762 | . 7323 
. 2738 | .7279 
. 2715 | .7235 
. 2691 | „7199 
. 2668 | .7149 
. 2645 7107 
. 2622 7065 
. 2600 7023 
‚ 2577 6982 
‚ 2555 | 6041 
. 2533 . 6900 
. 2511 . 6860 
. 2489 . 6820 
‚ 2468 . 0781 
‚ 2446 . 6741 
‚ 2425 ‚ 6702 
‚ 2404 . 6664 
. 2383 ‚ 6626 
. 2363 ‚ 6588 
‚ 9342 26550 
. 2322 ‚ 8513 
` 9302 . 6476 
‚ 2282 ‚ 6439 
. 2263 . 6403 
‚ 2243 . 6367 
. 2224 ‚ 6331 
. 2205 . 6296 
. 2186 ‚ 6261 
‚ 2167 ‚ 6226 
.. 2148 | . 6191 
.2199 | .6157 
‚2111 . 6123 
. 2093 . 6089 
. 2075 . 6056 
‚ 2057 . 6023 
. 2039 . 5990 
‚ 2022 ‚ 5957 
. 2004 . 5025 
1987 ‚ 5892 
1970 . 9861 
1953 ‚ 5829 
1936 ‚ 5798 
1920 . 5767 
‚ 1903 ‚ 5735 
. 1887 ‚ 5705 
.1871 . 5675 
1855 . 5645 
1839 „5615 

. 1823 . 5585 . 
. 1807 . 5556 
1792 . 5526 
1777 ‚ 5497 
1761 . 5469 
1746 ‚ 5440 
1731 ‚ 5412 
. 1717 . 5884 
1702 . 5356 
1687 . 5328 
1673 . 5301 
1659 ‚5274 
1645 . 5247 
1631 . 5920 
. 1617 . 5193 
1603 . 5167 
1589 . 5140 
1576 . 9114 
1563 . 5089 
1549 . 5063 
1536 . 5038 
1593 . 5012 
‚1510 ‚ 4987 
1497 ‚ 4962 
1485 . 4938 
1472 . 4913 
1460 . 4889 
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TABLE II.—SUPERSONIC FLOW—Continued 


y-7/5 
| i | | 
M T D: | 
м | p В т | gy m d | ha | @ ја | тој n | a 
Mi p: pi t pi A, ах pi pi Ti Ра Dt, | 
3. 95 . 7042 -? . 2902 ri! . 2427 3. 821 7691 -1 10. 25 | 2. 13163 65. 118 14. 67 4363 18. 04 4. 544 3. 969 . 1448 | .4865 -1 
3. 96 . 6948 -2 . 2874 -1 „2418 3. 832 7627 ~ 10. 34 2. 13294 65. 258 14. 68 4360 18, 13 4. 549 3. 985 . 1435 .484] -! 
3. 97 . 6855 -2 . 2846 -i . 2408 3. 842 7563 -1 10. 44 2. 13424 65. 386 14. 59 4358 18. 22 4, 555 4. 000 . 1423 .4817 7! 
3. 98 . 6764 -? . 2819 ~ . 2399 3.852 7500 -1 10. 53 2. 13553 65. 520 14. 55 4355 18. 31 4. 560 4. 016 .. 1411 . 4793 ~ 
3. 99 . 6675 -2 „2793 -1 . 2390 3. 863 7438 ~! 10. 62 2. 13681 65. 652 14. 52 4352 18.41 4. 566 4.031 . 1399 .4770 7! 
4. 00 .6586 -2 . 2766 -i . 2381 3.873 7376 FI 10. 72 2. 13809 65. 785 14. 48 4350 18. 50 4. 571 4. 047 . 1888 .4747 -1 
4. 01 . 6499 -? . 2740 ri „2372 3. 883 7315 -i 10. 81 2. 13936 65. 917 14. 44 4347 1%. 59 4. 577 4. 062 . 1376 .4723 -! 
4.02 . 6413 — . 2714 ~! „2363 3. 804 7255 — 10. 91 2.14062 66. 048 14. 40 4344 18. 69 4. 582 4. 078 . 1864 . 4700 7! 
4. 03 „6428 -2 . 2688 -1 . 2354 3. 904 7194 -1 11.01 2. 14188 66. 179 14.37 4342 18. 78 4. 588 4.094 | .1358 . 4678 7! 
4. 04 . 6245 2 . 2668 -1 . 2345 3. 914 7185 ~! 11.11 2. 14812 66. 309 14. 33 4339 18. 88 4. 593 4.110: . 1842 .4655 ~ 
4.05 . 6168 2 „2638 -1 ‚ 2336 3. 925 7076 -! 11.21 2. 14436 66. 439 14.30 4336 18. 97 4. 598 4. 125 . 1330 . 4633 -i 
4. 06 . 6082 -2 . 2613 -1 . 2327 3. 035 7017 -i 11.31 2. 14560 66. 569 14. 26 4334 19. 06 4.604 4.141 . 1319 . 4610 ~! 
4. 07 „6002 -2 ‚2589 -1 . 2319 3. 945 6959 — 11.41 2. 14682 66. 698 14. 22 4331 19. 16 4. 609 4. 157 . 1308 ‚4588 ri 
4.08 . 5928 -? „2964 -1 . 2310 3. 956 6902 -1 11.51 2. 14804 66. 826 14. 19 4329 19. 25 4. 614 4. 173 . 1297 .4566 -! 
4. 09 „5845 -2 . 2540 -1 . 2801 3. 966 6845 -1 11. 61 2. 14926 66. 954 14. 15 4326 19.35 4.619 4. 189 . 1286 .4544 ~! 
4. 10 ‚5769 - .2516 ~! . 2203 3. 97 6788 -1 11.71 2. 15046 67. 082 14. 12 4324 19. 45 4. 624 4. 205 .1276 . 4523 ~ 
4.11 „5694 -2 „2493 ~! . 2284 3. 986 6732 ~! 11.82 2. 15186 67. 209 14. 08 4321 19. 54 4. 630 4. 22] . 1265 .4501 ~! 
4. 12 . 5619 — . 2470 ~! .2275 3. 997 6677 ~! 11.92 2. 15285 67. 336 14. 05 4319 19. 64 4. 635 4. 237 . 1254 . 4480 ~! 
4. 13 .5546 -2 „2447 -1 „2267 4. 007 6622 -i 12. 03 2. 15404 67. 462 14.01 4316 19. 73 4. 640 4. 253 . 1244 ‚4459 -1 
4.14 . 5474 2 . 2424 ~! . 2258 4. 017 6568 -1 12. 14 2. 15522 67. 588 13. 98 4314 19. 83 4. 645 4. 269 . 1234 . 4438 -1! 
4. 15 . 5403 — | „2401 ~ . 2250 4. 028 6514 -1 12. 24 2. 15639 67. 713 13. 94 4311 19. 93 4. 650 4. 285 . 1223 .4417 ~! 
4.16 ‚ 5383 ~? . 2379 ~! . 2242 4. 028 6460 -! 12. 35 2. 15756 67. 838 13. 91 4209 20. 02 4. 655 4. 301 . 1213 . 4396 mi 
4.17 .5264 -2 . 2357 =! . 2238 4. 048 6407 а 12. 46 2. 15871 67. 963 13. 88 4306 20. 12 4. 660 4.318 . 1203 . 4375 -! 
4. 18 . 5195 -2 . 2335 7! . 2225 4. 059 6354 — 12. 57 2. 15987 68. 087 13. 84 4304 20. 22 4. 665 4. 334 . 1193 . 4355 7! 
4. 19 . 5128 -2 . 2313 1 ‚ 2217 4. 069 6302 -1 12. 68 2. 16101 68. 210 13.81 4302 20. 32 4. 670 4.350 . 1183 4334 7! 
4.20 . 5062 -? . 2292 -1 „2208 4. 079 6251 -1 12. 79 2. 16215 68. 388 13.77 4299 20. 41 4. 675 4. 367 . 1173 .4314 ~! 
4. 21 .4997 -2 . 2271 = . 2200 4. 030 6200 =! 12. 90 2. 16329 68. 456 13. 74 4297 20. 51 4. 680 4. 383 ‚ 1164 ‚4294 ri 
4. 22 „4932 -2 . 2250 -1 . 2192 4. 100 0149 -1 13. 02 2. 16442 68. 578 18. 71 4295 20. 61 4. 685 4. 399 . 1154 .4274 -1 
4. 23 . 4869 -2 . 2229 -1 . 2184 4.110 6098 -1 13. 13 2. 16554 68. 700 13. 67 4292 20.71 : 4. 690 4. 416 . 1144 .4255 т! 
4. 24 . 4806 -2 . 2209 ri . 2176 4. 120 6049 -1 13. 25 2. 16665 68. 821 13. 64 4290 20. 81 4. 694 4. 432 . 1135 . 4235 ri 
4. 25 A745 mè . 2189 ~i . 2168 4. 131 5000 -1 13. 36 2. 16776 68. 942 13. 61 4258 20. 91 4. 699 4. 449 ‚ 1126 .4215 “і 
4. 26 .4684 ~ . 2169 -1 . 2160 4. 141 5950 а 13. 48 2. 16886 69. 063 13. 58 4286 21.01 4.704 4. 466 . 1116 . 4196 -! 
4.27 ‚ 4624 -? . 2149 -1 . 2152 4. 151 5902 -1 13. 60 2. 16996 69. 183 13. 54 4283 21. 11 4. 709 4. 482 . 1107 „4177 71 
4. 28 „4565 2 ‚2129 ~! „2144 4. 162 5854 -! 13. 72 2.17105 69. 202 13. 51 4281 21. 20 4. 713 4. 499 . 1098 . 4158 7! 
4. 29 .4507 -2 . 2110 -1 . 2136 4. 172 5806 -1 13. 83 2. 17214 69. 422 13. 48 4279 21.30 4. 718 4. 516 . 1089 . 4139 ~! 
4. 30 . 4449 — . 2090 —1 . 2129 4. 182 5759 ~! 13. 95 2. 17321 69. 541 13. 45 4277 21.41 4.723 4. 532 . 1080 .4120 -! 
4.31 . 4303 -2 . 2071 -! . 2121 4, 192 5712. "= 14. 08 2. 17429 69. 659 13. 42 4275 21.51 4. 728 4. 549 . 1071 „4101 7! 
4.32 . 4337 vè . 2052 ri . 2113 4. 203 5666 -! 14. 20 2. 17535 69. 777 13. 38 4272 21. 61 4. 732 4. 566 . 1062 .4082 -! 
4. 33 .4282 — . 2034 -! . 2105 4. 213 5620 -! 14.32 2. 17642 69. 895 13. 35 4270 21. 71 4. 787 4. 283 . 1054 .1064 -! 
4,84 „4228 m „2015 ~ . 2098 4. 223 5574 =! 14. 45 2. 17747 70. 012 13. 32 4268 21.81 4. 741 4. 600 . 1045 .4046 ri 
4. 35 . 4174 vè . 1997 -1 . 2090 4. 233 5529 -1 14. 57 2. 17852 70. 128 13. 29 4266 21. 91 4. 746 4. 617 . 1036 .4027 ri 
4. 36 „4121 — . 1979 ~! . 2083 4. 244 5484 -1 14. 70 2. 17956 70. 245 13. 26 4264 22.01 4. 751 4. 633 . 1028 .4009 -1 
4.37 .4069 -2 | .1961 -' . 2075 4. 254 5440 -1 14. 82 2. 18060 70. 361 13. 23 4262 22. 11 4.755 4. 651 . 1020 . 3991 -1 
4. 38 . 4018 -2 . 1944 сл . 2067 4. 264 5396 -! 14. 95 2. 18163 70. 476 13. 20 4260 22.22 4.760 4. 668 . 1011 .8973 7! 
4. 39 . 3968 -2 . 1926 -1 . 2060 4. 275 5352 =! 15. 08 2. 18266 70. 591 13. 17 4258 22. 32 4. 764 4. 685 . 1003 .3956 =! 
4. 40 . 3918 — . 1909 ~ . 2053 4. 285 5809 ~! 15. 21 2. 18368 70. 706 13. 14 . 4255 22. 42 4. 768 4. 702 ‚9948 — . 3988 — 
4. 41 . 3868 -? . 1892 -1 . 2045 4. 295 5206 -1 15. 34 2. 18470 70. 820 13. 11 . 4253 22. 52 4. 773 4. 719 .9867 ~i . 2921 -! 
4. 42 .3820 -2 .1875 са . 2088 4. 305 ‚5224 ~! 15. 47 2. 18571 70. 934 13. 08 . 4251 22. 63 4.777 4. 736 . 9787 —1 . 3908 =! 
4. 43 . 3772 та .1858 -1 . 2080 4. 316 . 5182 -1 15. 61 2. 18671 71. 048 13. 05 . 4249 22. 73 4. 782 4. TE ‚ 9707 7 . 3886 ~! 
4. 44 .3725 -2 . 1841 ~! . 2023 4. 326 . 5140 ~ 15. 74 2. 187714 71. 161 13. 02 . 4247 22. 83 4. 786 4.771 . 9628 -1 . 3869 ~! 
4. 45 .3678 -? . 1825 -1 ‚ 2016 4.336 . 5099 -1 15.87 2. 188708 71. 274 12. 99 . 4245 22. 04 4. 790 4. 788 . 9550 — .3852 1 
4. 46 .3633 -? . 1805 га . 2009 4. 346 . 5058 -! 16. 01 2. 189697 71. 386 12. 96 . 4243 23. 04 4. 795 4. 805 . 9473 -! . 3835 -1 
4. 47 . 3587 -2 . 1792 ~ . 2002 4. 357 . 5017 ~! 16.15 2. 190681 71. 498 12. 93 . 4241 23.14 4. 799 4.823 . 9396 ~ . 3818 7 
4. 48 ‚3548 -2 . 1776 са . 1994 4. 367 .4977 ~! 16. 28 2. 191659 71. 610 12. 90 . 4239 23. 25 4.803 4. 840 . 9320 -! . 8801 -! 
4. 49 . 3499 -? . 1761 са ‚ 1987 4.377 . 4937 -! 16. 42 2. 192632 71. | 12. 87 . 4237 23.35. 4. 808 4. SE . 9244 ~! . 3785 ri 
4. 50 .3455 — . 1745 са . 1980 4. 387 . 4898 -! 16. 56 2. 193600 71.832 12.84 . 4236 23. 46 4. 812 4.875 .9170 -1 .9768 7! 
4. 51 .3412 -2 .1729 ~! . 1973 4. 398 .4859 -1 16. 70 2. 194563 71. 942 12.81 . 4234 23. 56 4. 816 4. 803 . 9096 -1 . 3752 = 
4. 52 . 3370 — .1714 =! . 1966 4. 408 . 4820 -! 16. 84 2. 195520 72. 052 12. 78 . 4232 23.07 4. 820 4. 910 .9022 -1 .3785 7! 
4. 53 . 3329 г . 1699 ~: . 1959 4. 418 . 4781 ~: 16. 99 2. 196473 72. 162 12. 75 . 4230 23.77 4.824 4. 928 .8950 — . 3719 7! 
4. 54 .3288 ~? . 1684 -1 . 1952 4. 428 ‚ 4743 ~! 17. 18 2. 197420 72.271 12. 78 . 4228 23. 88 4.829 4. 946 .8878 ~ . 3703 7! 
4. 55 .9247 -2 .1669 ~! . 1945 4. 439 .4706 -1 17. 28 2. 198363 72. 380 12. 70 . 4226 23. 99 4. 833 4. 963 .8806 - | .3687 -1 
4. 56 . 3207 “2 ‚ 1654 ~? . 1938 4. 449 .4668 ~! 17. 42 2. 199300 72. 489 12. 07 . 4224 24. 09 4. 837 4. 981 .8735 -i .3671 -1 
4. 57 .3168 -? . 1640 ~! . 1982 4. 459 . 4681 -1 17. 57 2.200283 | 72.597 12. 64 . 4222 24. 20 4.841 4. 999 .8665 -1 .3656 -! 
4. 58 .3129 -? .1625 ~! . 1925 4. 469 .4594 -1 17. 72 2. 201160 72. 705 12. 61 . 4220 24.31 4. 845 5. 017 .8596 -1 . 3640 7! 
4. 59 .8090 -2 „1611 ~ . 1918 4. 480 . 4558 ~! 17.87 2. 202033 72. 812 12. 58 . 4219 24. 41 4. 849 5. 034 .8527 =! ‚ 3624 ~! 
4. 60 .3053 -? .1597 -1 . 1911 4. 490 .4522 "1 18. 02 2. 203000 72. 919 12. 56 . 4217 24. 52 4. 853 5. 052 „8459 7! . 3609 - | 
4. 61 .3015 -? . 1583 ~i . 1905 4. 500 „4486 -i 18.17 2. 203913 73.026 12. 53 .4215 24. 63 4. 857 5. 070 .8391 =! .3593 -! 
4. 02 . 2978 m .1569 -! . 1898 4. 510 „4450 ~! 18.32 2. 204822 73.132 12. 50 . 4213 24. 74 4. 861 5. 088 . 8324 ~! . 3578 — 
4. 63 „2942 -? „1556 -1 . 1891 4. 521 „4415 -1 18. 48 2. 205725 73. 238 12.47 „4211 24. 84 4. 865 5. 106 .5257 7! . 3568 ~! 
4.64 . 2906 -? .1542 -1 . 1885 4. 531 „4380 -1 18. 63 2. 206624 73. 344 12. 45 . 4210 24. 95 4. 869 5. 124 . 8192 ri .354$ -I 
4. 65 . 2871 “2 .1529 -1 . 1878 4. 541 „4345 -1 15. 79 2. 207518 73. 449 12. 42 . 4208 25. 06 4.873 . 5. 143 .8126 ~! . 3533 
4. 66 . 2836 — . 1515 -! . 1872 4. 551 „4311 ~! 18. 94 2. 208407 73. 554 12.39 . 4206 25. 17 4.577 5. 160 .8062 ~! ‚ 9518 
4.67 .2802 -? . 1502 са . 1865 4. 562 „4277 mi 19.10 2. 209291 73. 659 12.37 . 4204 25. 28 4. 581 5. 179 . 7998 =: . 3508 
4. 68 . 2768 -2 „1489 -1 „1859 4.572 „4243 mi 19.26 2.210171 73. 763 12. 34 . 4203 25. 39 4. 885 5. 197 . 7984 7! . 3488 
4. 69 2734 — . 1476 ~i . 1852 4. 582 .4210 -1 19. 42 2. 211047 73. 867 12.31 . 4201 25. 50 4. 889 5. 215 27871 7! .8474 
4,70 „2701 -? „1464 ~! . 1846 4.592 „4177 -1 19. 58 2. 211918 | 73 970 12. 28 . 4199 25. 61 4. 893 5. 233 . 7809 =! . 8459 
4.71 „2669 -? . 1451 -1 . 1839 4. 603 „4144 = 19. 75 2. 212784 | 74. 073 12.26 .4197 95.71 4. 896 5. 252 „7747 7! „8445 
4. 72 . 2637 = . 1438 -! . 1883 4. 613 „4112 -1 19.91 2. 213646 74.176 12. 23 „4196 25.82 4. 900 5. 270 .7685 —1 | „8481 
4.73 „2605 -? „1426 -1 . 1827 4. 623 .4079 ~i 20.07 2. 214508 74. 279 12. 21 . 4194 25 94 4. 904 5. 289 .7625 -1 . 9416 
4. 74 . 2573 “а „1414 -1 . 1820 4. 633 4047 ~! 20.24 2. 215356 74. 381 12. 18 . 4192 26. 05 4. 908 5. 307 .7564 7! . 3402 
4.75 . 2543 -2 „1402 ~! . 1814 4. 644 „4016 -1 20. 41 2. 216205 74. 483 12. 15 . 4191 26. 16 4. 912 5.325 .7505 7! . 3388 
4. 76 2512 ~? 1390 -1 1808 4. 654 „3954 ~i 20. 58 2. 217049 74. 584 12. 13. . 4189 26.27 4.915 5.344 .7445 7! . 3374 
4. 71 2482 -2 . 1378 ~! 1802 4. 664 .3953 ~i 20. 75 2. 217889 74. 685 12.10 . 4187 26. 38 4.919 5.363 2.7987 7 . 8360 
4.78 2452 -2 . 1366 -1 1795 4. 674 „3922 — 20. 92 2. 218725 74. 786 12. 08 . 4186 26. 49 4. 923 5. 381 .7329 ~! . 3346 
4. 79 2423 -1 . 1354 -1 1789 4. 684 .3892 -1 21.09 2. 219556 74. 886 12, 05 „4184 26. 60 4. 926 5. 400 „7271 7! . 3333 
4. 80 „2394 -? „1343 -1 1783 4. 695 „8862 -1 21. 26 2. 220383 74. 986 12.03 | .4183 26. 71 4. 930 5. 418 „7214 ^ . 9319 
4.81 . 2366 — „1331 ~! 1777 4. 705 „3832 ~! 21.44 2. 221206 75. 086 12. 00 . 4181 26. 83 4. 934 5. 437 .7157 71 . 3305 
4. 82 . 2338 — „1320 ~! „1771 4.715 .3802 — 21.61 2. 222024 75. 186 11.97 . 4179 26. 94 4, 937 5. 456 .7101 7 . 8292 
4, 83 „2310 -? „1309 ~! . 1765 4. 725 „8772 -1 21. 79 2. 222838 75. 285 11.95 . 4178 27.05 4. 041 5. 445 .7046 —! .3278 
4. 84 .2283 -: . 1298 ~! „1759 4. 736 „3743 -1 21.97 2. 223649 75. 383 11.92 . 4176 27. 16 4. 945 5. 4 . 6991 -1 . 3265 
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TABLE II.—SUPERSONIC FLOW—Continued 


y =7/5 
_ | | 010 | ||| ||| 
T q A У pa рэ Т» Dt 
EA ки Me КАШ М. ва. а = 
T, 8 p: A, аж ” x А Рі Рі Ti Pt, 
. 1753 4. 746 .8714 -1 22. 15 2. 224455 75. 482 11.90 . 4175 27. 28 4. 948 5. 512 . 6936 -! 
‚ 1747 4,756 „8695 — 22. 33 2. 225257 75. 580 11.87 ‚4173 27.39 4. 952 5. 531 . 6882 ~! 
„1741 4. 766 .9657 -1 22.51 2. 220055 75. 678 11. 85 „4172 27. 50 4. 955 5. 550 . 6828 -1 
. 1735 4. 776 „3628 -1 22. 70 2. 226848 75. 775 11,33 . 4170 27. 62 4. 959 5. 569 6775 Ti 
. 1729 4. 787 .3600 m 22. 88 2. 227638 75. 872 11. 80 . 4169 27.73 4. 962 5. 588 . 6722 -! 
. 1724 4. 797 „83573 71 23.07 2. 228424 75. 969 11.78 .4167 27. 85 4. 966 5. 607 „6670 ст 
. 1718 4. 807 .3545 mi 23.25 2. 229206 76. 066 11.75 . 4165 27. 96 4. 969 5. 626 . 6618 =! 
. 1712 4. 817 .3518 ~ 23. 44 2. 229984 76. 162 11.73 . 4164 28. 07 4. 973 5. 646 . 6567 ~! 
. 1706 4. 828 .8491 - 23. 63 2. 230758 76. 258 11. 70 . A163 28. 19 4. 976 5. 665 . 6516 ~ 
. 1700 4. 838 . 3464 -1 23.82 2. 231528 76. 353 11. 68 .4161 28. 30 4. 980 5. 684 . 6465 ri 
. 1695 4. 848 .9437 7! 24.02 2. 232294 76. 449 11. 66 . 4160 28. 42 4. 983 5. 703 . 6415 7! 
. 1689 4. 858 .9411 -1 24. 21 2. 233056 76. 544 11. 63 . 4158 28. 54 4. 987 5. 723 . 63856 ~! 
. 1683 4. 865 .3385 ri 24.41 2. 233815 76. 638 11. 61 .4157 28. 65 4. 990 5. 742 . 6317 I 
. 1678 4. 879 .3359 -1 24. 60 2. 234570 76. 732 11. 58 . 4155 28. 77 4. 993 5. 761 .6268 -1 
.1672 4. 889 .3333 71 24. 80 2. 235321 76. 826 11. 56 . 4154 28. 88 4. 907 5. 781 .6220 =! 
. 1667 4. 899 .3308 -1 25. 00 2. 236068 76. 920 11. 54 . 4152 29. 00 9. 000 5. 800 .6172 7 
. 1661 4. 009 .3282 -1 25. 20 2. 236811 77. 013 11.51 . 4151 29. 12 5. 003 5. 820 . 6124 -i 
„1656 4.919 . 3257 7! 25. 40 2. 237551 77. 106 11.49 . 4149 29. 23 5. 007 5. 839 . 6077 1 
. 1650 4. 930 „3233 — 25. 61 2. 238287 77. 199 11.47 . 4148 29.35 5. 010 5. 859 . 6030 =! 
. 1645 4. 940 .3208 -1 25. 81 2. 239020 77. 291 11.44 „4147 29.47 5. 013 5. 878 . 5984 ~! 
. 1689 4. 950 .3184 ~! 26. 02 2. 239749 77.385 11. 42 . 4145 29. 59 5. 016 5. 898 .5938 -1 
. 1634 4. 960 „8159 -1 26. 22 2. 240474 77.477 11. 40 . 4144 29. 70 5. 020 5.918 . 5893 ~! 
‚ 1628 4. 970 .8185 са 26. 43 2. 241195 77. 508 11. 38 . 4142 29. 82 5. 028 5. 987 . 5848 ~! 
. 1628 4. 981 812 ~! 20. 64 2. 241914 77. 660 11. 35 . 4141 29. 94 5. 026 5. 957 . 5808 -! 
. 1618 4. 991 . 3088 -1 26. 86 2. 242628 77. 751 11.33 . 4140 30. 06 5. 029 5. 977 .5759 ~! 
. 1612 5. 001 . 3065 -1 27.07 2. 243339 77.841 1.31 . 4138 30. 18 5. 033 5. 997 .5715 -1 
. 1607 5. 011 . 3042 -1 27. 28 2. 244047 77.981 11. 29 . 4137 30. 30 5. 036 6. 016 . 5672 — 
. 1602 5. 021 . 3019 -! 27. 50 2. 244751 78. 021 11. 26 . 4136 30. 42 5. 039 6. 036 . 5628 ~t 
. 1597 5. 032 . 2996 -1 27. 72 2. 245451 78. 111 11. 24 . 4134 30. 54 5. 042 6. 056 . 5586 -1 
. 1591 5. 042 . 2973 а 27. 94 2. 246148 78. 201 11.22 . 4183 30. 66 5. 045 6. 076 . 5548 ~! 
. 1586 5. 052 . 2951 ~! 28. 16 2. 246842 78. 290 11. 20 . 4132 30. 78 5. 048 6. 096 „5501 -! 
. 1581 5. 062 .2029 -1 28. 38 2. 247532 78.379 11. 18 . 4130 30. 90 5. 051 6. 117 „5460 -! 
. 1576 5. 072 . 2907 сл 28. 60 2. 248219 78. 468 11. 15 . 4129 31. 02 5. 054 6.137 . 5418 -1 
. 1571 5. 083 . 2885 -1 28.83 2. 248903 78. 556 11. 13 . 4128 31. 14 5. 058 6. 157 .5377 ~! 
‚ 1566 5. 098 . 2863 ~i 29. 06 2. 249583 78. 645 11.11 . 4126 31. 26 5. 061 6. 177 „5887 ~! 
1561 5. 108 . 2842 -1 29. 28 2. 250260 78. 733 11.09 . 4125 31. 38 5. 064 6. 197 „5297 ~! 
1555 5. 118 . 2821 -1 29. 51 2. 250934 78. 820 11. 07 . 4124 31. 50 5. 007 6. 217 .5257 -1 
1550 5. 123 .2799 -1 29. 74 2. 251604 78. 908 11. 04 . 4123 31. 62 5. 070 6. 238 „5217 -1 
1545 5. 134 2.2778 -1 29. 98 2. 252271 78. 995 11.02 . 4121 31.75 5. 073 6. 258 „5178 -i 
1540 5. 144 . 2758 -1 30. 21 2. 252935 79. 081 11.00 . 4120 31.87 5. 076 6. 278 „5139 ~i 
1536 5. 154 „2737 -1 30. 45 2. 253596 79. 167 10. 98 . 4119 31. 99 5. 079 6. 299 „5100 -1 
1531 5. 164 ‚2717 7! 30. 68 2. 254254 79. 254 10. 96 . 4118 32.11 5. 082 6.319 .5062 ~! 
1526 5.174 .2697 -1 30. 92 2. 254908 79. 340 10. 94 . 4116 32. 24 5. 085 6. 340 „5024 -1 
1521 5. 184 . 2677 7! 31. 16 2. 255559 79. 426 10. 92 . 4115 32.3 5. 085 6. 360 „4987 -1 
1516 5. 195 ‚ 2657 ~! 31.41 2. 256207 79. 511 10. 90 . 4114 32. 48 5. 090 6. 381 .4950 — 
. 1511 5. 205 . 2637 ~! 31. 65 2. 256852 79. 597 10. 88 . 4113 32. 61 5. 093 6. 401 „4913 ~ 
‚ 1506 5. 215 . 2617 ~! 31.89 2. 257494 79. 681 10.86 . 4112 32.73 5. 096 6. 422 A876 -1 
. 1501 5. 225 . 2598 х1 32. 14 2. 258133 79. 765 10. 83 . 4110 32.85 5. 099 6. 443 „4840 -1 
1497 5. 235 „2579 ~ 32. 39 2. 258769 79. 850 10. 81 . 4109 32. 98 5. 102 6. 464 . 4804 -1 
1492 5. 246 . 2560 -1 32. 64 2. 259401 79. 934 10. 79 . 4108 33. 10 5. 105 6. 484 „4768 -1 
. 1487 5. 256 .2541 -1 32. 89 2. 260031 80. 018 10. 77 . 4107 33. 23 5. 108 6. 505 4733 — 
1482 5. 266 2522 ~i 33. 14 2. 260658 80. 101 10. 75 . 4106 33. 35 5. 111 6. 526 4607 -1 
1478 5. 276 . 2504 -! 33. 40 2. 261281 80. 185 10.73 . 4104 33. 48 5. 113 6. 547 4663 —1 
. 1473 5. 286 . 2485 -1 33. 66 2. 261902 80. 268 10.71 . 4103 33. 60 5. 116 6. 568 4628 -1 
. 1468 5. 296 . 2467 -1 33. 91 2. 262520 80. 351 10. 69 . 4102 33. 73 5. 119 6. 589 4594 -1 
. 1464 5. 307 „2449 ~! 34.17 2. 263135 80. 434 10. 67 . 4101 33.85 5. 122 6.610 4560 -! 
. 1459 5. 317 . 2481 ~! 34. 44 2. 263747 80. 515 10.65 . 4100 33. 98 5. 125 6. 631 4526 -1 
. 1454 5. 327 .2413 -1 34. 70 2. 264356 80. 597 10. 63 . 4099 34. 11 5. 127 6. 652 4403 -1 
. 1450 5. 337 .2395 -1 34. 97 2. 264962 80. 680 10. 61 . 4098 34. 23 5. 130 6. 673 4460 -1 
. 1445 5. 847 . 2378 -1 35. 23 2. 265566 80. 760 10. 59 . 4096 34. 36 5. 133 6. 694 4427 -1 
. 1441 5. 357 . 2361 -1 35. 50 2. 266166 80. 842 10. 57 . 4095 34. 49 5. 136 6. 715 4395 -1 
. 1436 5. 368 .2344 -1 35. 77 2. 260764 80. 923 10. 55 . 4094 34. 61 5. 138 6. 737 4302 -! 
. 1432 5. 378 .2326 ri 86. 04 2. 267359 81. 004 10. 53 . 4093 34. 74 5. 141 6. 758 4330 -1 
. 1427 5. 388 . 2309 -1 36. 32 2. 267951 81. 084 10. 51 . 4092 34.87 5. 144 6. 779 4299 -1 
. 1423 5. 398 . 2293 — 36. 59 2. 268540 81. 165 10. 50 . 4091 35. 00 5. 146 6. 800 4267 ~! 
. 1418 5. 408 „2276 -1 36. 87 2. 269127 81. 245 10. 48 „4090 35. 13 5. 149 6. 822 4936 -! 
. 1414 5. 418 . 2260 -i 37. 15 2. 269711 81. 324 10. 46 . 4089 35. 25 5. 152 6. 843 .4205 -1 
. 1410 5. 429 „2243 -1 37. 43 2. 270292 81. 404 10. 44 . 4088 35. 38 5. 154 6. 865 4175 — 
. 1405 5. 439 . 2227 ~: 37. 71 2. 270870 81. 484 10. 42 . 4086 35. 51 5.157 6. 886 4144 -1 
. 1401 5. 449 „2211 vi 38. 00 2. 271446 81. 563 10. 40 . 4085 35. 64 5. 159 6. 908 4114 -! 
. 1397 5. 459 „2195 ~ 38. 28 2. 272019 81. 641 10. 38 . 4084 35. 77 5. 162 6. 929 4084 ~! 
. 1392 5. 469 . 2179 ~! 38. 57 2. 272589 81. 720 10. 36 . 4083 35. 90 5. 165 6. 951 4054 -1 
. 1388 5. 479 .2163 -1 38. 86 2. 273157 81. 795 10. 34 . 4082 36. 03 5.167 6. 973 4025 ~i 
. 1384 5. 490 .2148 -1 39. 15 2. 273122 81. 876 10. 32 . 4081 36. 16 5. 170 6. 994 3996 -i 
. 1379 5. 500 . 2132 71 39. 44 2. 274285 81. 955 10. 31 . 4080 86. 29 5. 172 7.016 3967 ~! 
. 1375 5. 510 «2117 ~ 39. 74 2. 274844 82. 032 10. 29 . 4079 36. 42 5. 175 7. 038 3938 — 
. 1371 5. 520 . 2102 -1 40. 04 2. 275402 82. 109 10. 27 . 4078 36. 55 5. 177 7. 060 3910 -1 
. 1367 5. 530 .2087 -1 40. 34 2. 275957 82. 187 10. 25 . 4077 36. 68 5. 180 7.082 3882 -1 
. 1363 5. 540 . 2072 -1 40. 64 2. 276509 82. 263 10. 23 . 4076 26.81 5. 182 7.103 3854 -1 
. 1358 5. 551 .2057 ~! 40. 94 2. 277058 82. 340 10. 21 . 4075 36. 94 5. 185 7.125 3826 -1 
. 1354 5. 561 .2042 -1 41. 25 2. 277606 82. 417 10. 20 . 4074 37. 08 5. 187 7. 147 .3798 ~i 
. 1350 5. 571 .2028 -1 41. 55 2. 278150 82. 493 10. 18 . 4073 37. 21 5. 190 7. 169 „8771 — 
. 1346 5. 581 . 2013 -1 41. 86 2. 278692 82. 569 10. 16 . 4072 37. 34 5. 192 7. 191 ‚3744 ~ 
. 1342 5. 591 „1999 -1 42. 17 2. 279232 82. 645 10. 14 . 4071 37.47 5. 195 7. 213 .9717 ~! 
‚ 1338 5. 601 „1984 -1 42. 48 2. 279769 82. 720 10. 12 . 4070 37. 61 5. 197 7. 236 .3691 -! 
1334 5. 612 . 1970 ~: 42. 80 2. 280304 82. 795 10. 10 . 4069 37.74 5. 200 7. 258 „3664 -! 
1330 5. 622 1956 -1 43. 11 2. 280836 82. 871 10. 09 4068 37.87 5. 202 7. 280 3638 -1 
1326 5. 632 1942 -1 43. 43 2. 281366 82. 946 10. 07 4067 38. 00 5. 205 7. 302 3612 -! 


1322 5. 642 "1929 -1 | 43.75 2. 281894 83. 020 10. 05 ` 4066 38.14 | 5.207 7.324 | „3586 ~ 
1318 5. 652 .1915 = | 44.07 2. 282419 83. 095 10. 03 ` 4065 38.27 | 5.209 7.847 | .3561 ~ 
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EQUATIONS, TABLES, AND CHARTS FOR COMPRESSIBLE FLOW 


TABLE IL—SUPERSONIC FLOW—Continued 


ү=7/5 
pr O — Ө —— n 

p T q A V pa pa Т, Ро Di 

Ta с == на — y M pe = 
pt T: 8 pt Ax аж i | Pi Pi Ti Ра Di, 
26254 22 . 1314 5. 662 „1902 ~ 44. 40 2. 282942 83. 169 10. 02 . 4064 38. 41 5. 212 7. 369 .3536 -1 . 2324 
.6207 -? | .1310 5. 673 .1888 -1 44. 72 2. 283462 83. 243 9. 998 . 4063 38. 54 5. 214 7. 392 .3510 ~ . 2316 
.6161 = | .1306 5. 683 .1875 1 45. 05 2. 283980 83. 317 9. 980 . 4062 38. 68 5.217 7.414 .3486 -1 . 2308 
. 6114 — | .1302 5. 693 .1862 -1 45. 38 2. 284496 83. 391 9. 963 . 4061 38.81 5. 219 7. 436 .3461 з . 2300 
.6069 — | .1298 5. 703 . 1848 -i 45. 72 2. 285009 83. 463 9. 946 . 4060 38. 94 5. 221 7. 459 . 3436 -1 . 2292 
.6023 — | .1294 5. 713 . 1835 ~ 46. 05 2. 285520 83. 537 9. 928 . 4059 39. 08 5. 294 7. 481 3412 -1 . 2284 
. 5978 — | .1290 5. 723 . 1823 -1 46. 39 2. 286029 83. 609 9. 911 . 4059 39. 22 5. 226 7. 504 3388 -1 2277 
. 5934 — | .1286 5. 733 . 1810 -1 46. 72 2. 286535 83. 683 9.894 . 4058 39. 35 5. 228 7. 527 3364 ~! 2269 
. 5889 — | .1282 5. 744 „1797 = 47. 07 2. 287040 83. 755 9. 877 . 4057 39. 49 5.231 7. 549 .3340 = | 29961 
. 5846 — | .1279 5. 754 .1784 -1 47. 41 2. 287542 83. 827 9. 860 . 4056 39. 62 5. 233 7. 572 .3317 -1 . 2254 
4.5802. - | .1275 5. 764 „1772 ~! 47.75 2. 988041 83. 899 9. 842 . 4055 39. 76 5. 235 7. 595 .3293 -1 . 2246 
.5759 — | .1271 5. 774 .1760 ~! 48. 10 2. 288539 83. 971 9. 826 ‚ 4054 39. 90 5. 237 7. 618 .3270 =! . 2238 
25716 2 | .1267 5. 784 .1747 -1 48.45 2. 289034 84. 042 9. 809 . 4053 40. 03 5. 240 7.640 .3247 — .2231 
.5674 — | .1263 5. 794 „1735-21 48. 80) 2. 289527 84.114 9. 792 . 4052 40. 17 5. 242 7. 663 .3225 -1 . 2223 
.5632 2 | .1260 5. 804 . 1723 ~! 49.15 2. 290018 84. 185 9.775 . 4051 40.31 5. 244 7. 686 .3202 -1 . 2216 
.5590 -? | .1256 5.815 „1711 ~ 49. 51 2. 200507 84. 257 9. 758 . 4050 40. 45 5. 246 7. 709 . 3180 -1 . 2208 
.5549 -2 | .1252 5. 825 . 1699 -1 49. 86 2. 290993 84. 327 9. 742 . 4049 40. 58 5. 249 7. 732 .3157 ~ . 2201 
5508 — | . 1249 5. 835 . 1687 ~! 50. 22 2. 291477 84. 398 9. 725 . 4049 40. 72 5. 251 7.755 . 3135 -1 . 2194 
. 5468 -2 | .1245 5. 845 .1676 ~! 50. 59 2. 291960 84. 468 9. 708 . 4048 40. 86 5. 253 7. 778 .313 -1 . 2186 
.5428 - | .1241 5.855 . 1664 ~! 50.95 | 2.292440 | 84. 539 9. 692 . 4047 41. 00 5. 255 7. 801 .3092 -! . 2179 
. 5388 -2 | .1238 5. 865 .1652 -1 51.32 2. 292918 84. 609 9. 675 . 4046 41. 14 5.257 7. 824 .3070 -1 . 2172 
.5348 — | .1234 5. 876 .1641 -1 51. 68 2. 293394 84. 679 9. 659 . 4045 41. 28 5. 260 7. 847 .3049 -! . 2165 
.5309 —2 | .1230 5. 886 . 1630 ~! 52. 05 2. 293867 84. 748 9. 643 . 4044 41. 41 5. 262 7.871 . 3028 -1 . 2157 
.5270 -3 | .1227 5. 896 . 1618 — 52. 43 2. 294339 84. 817 9. 626 . 4043 41. 55 5. 264 7. 894 . 3007 -! . 2150 
. 5232 — | .1223 5. 906 ‚1607 ~! 52. 80 2. 294809 84. 887 9. 610 . 4042 41. 69 5. 266 7. 917 . 2086 —1 ‚ 2143 
.5194 -? | .1220 5. 916 .1596 -! 53.18 2. 205276 84. 955 9. 594 . 4042 41. 83 5. 268 7. 941 .2965 -1 | .2130 
.5156 - | .1216 5. 926 .1585 ~ 53. 56 2. 295742 85. 025 9. 578 . 4041 41.97 5. 270 7.964 .2945 -1 . 2129 
.5118 -2 | .1212 5. 936 .1574 -! 53. 94 2. 296205 85. 093 9. 562 . 4040 42. 11 5. 273 7. 987 .2924 -1 . 2122 
.5081 -2 | .1209 5. 947 .1563 ~! 54. 32 2. 296667 85. 162 9. 546 . 4039 42. 25 5. 275 8.011 .2904 -1 . 2115 
‚5044 2 | „1205 5.957 | .1553 ~! 54. 71 2. 297126 85. 230 9. 530 . 4038 42.40 | 5.277 8. 034 . 2884 -1 | „2108 
.5008 -2 | . 1202 5. 967 .1542 -! 55.10 2. 297583 85. 297 9. 514 . 4037 42. 54 5. 279 8. 058 . 2864 -1 . 2101 
.4971 2 | .1198 5.977 .1531 -! 55. 49 2. 298039 85. 366 9. 498 . 4037 42. 68 5. 281 8. 081 .9844 — | .2094 
.4935 — | .1195 5. 987 .1521 ~ 55. 88 2, 208492 85. 433 9. 482 . 4036 42. 82 5. 283 8. 105 . 2825 ~! . 2088 
.4900 -? | .1191 5. 997 .1511 -! 56. 28 2. 298944 85. 500 9. 467 ‚ 4035 42. 96 5. 285 8. 129 . 2806 -! | .2081 
. 4864 -2 | .1188 6.007 | .1500 ~! 56. 68 2. 299393 85. 568 9. 451 . 4034 43. 10 5. 287 8.152 .9786 -! . 2074 
.4829 — | „1185 6.017 .1490 ~! 57. 08 2. 209841 85. 635 9. 435 . 4033 43. 25 5. 289 8. 176 .2767 -1 | .2067 
.4795 — | .1181 ` 6.028 . 1480 ~! 57. 48 2. 300286 85. 702 9. 420 . 4033 43. 39 5. 291 8. 200 . 2748 — | .2061 
.4760 — | .1178 6. 038 . 1470 ~ 57. 88 2. 300730 85. 768 9. 404 . 4032 43. 53 5. 293 8.223 .2730 -1 | .2054 
.4726 3 | .1174 6. 048 .1460 ~! 58. 29 2. 301172 85. 834 9. 389 . 4031 43. 67 5. 295 8. 247 ‚2711 — | .2047 
. 4692 -2 | .1171 6. 058 .1450 -i 58. 70 2. 301612 85. 901 9. 373 . 4030 43. 82 5. 297 8. 271 .2692 — | .2041 
.4658 — | .1108 6. 068 .1440 -1 59. 11 2. 302050 85. 967 9. 358 . 4029 43. 96 5. 299 8. 295 .2674 -1 | .2034 
.4625 2 | .1164 6. 078 .1430 ~! 59. 53 2. 302486 86. 033 9. 343 . 4029 44. 10 5.301 8. 319 .2656 - . 2028 
.4592 -? | .1161 6. 088 .1421 -! 59. 94 2. 302920 86. 099 9. 327 . 4028 44. 25 5. 303 8.343 “ .2638 -1 . 2021 
„4559 -2 | .1158 6. 099 .141 ~ 60. 36 2. 303353 86. 164 9.312 . 4027 44. 39 5. 305 8. 367 . 2620 -1 | „2015 
.4597 — | .1154 6. 109 .1402 -1 60. 79 2. 303783 86. 229 9. 297 . 4026 44. 54 5. 307 8. 391 .2602 -1 | .2008 
.4495 —2 | .1151 6. 119 .1392 -! 61.21 2. 304212 86. 295 9. 282 . 4025 44. 68 5. 309 8. 415 . 2584 -! . 2002 
. 4463 -2 | .1148 6. 129 ‚ 1383 ~ 61. 64 2. 304639 86. 360 9. 267 . 4025 44. 82 5.311 8. 439 „2567 — .1995 
.4431 2 | .1144 6. 139 .1373 ~ 62. 07 2. 305064 86. 424 9. 252 . 4024 44. 97 5. 313 8. 464 .2550 -1 . 1989 
.4400 — | .1141 6. 149 .1364 ~! 62. 50 2. 305487 86. 490 9. 237 . 4023 45. 12 5. 315 8. 488 .2532 -1 . 1983 
. 4369. - | .1138 6. 159 . 1355 -1 62. 93 2. 305908 86. 554 9. 222 . 4022 45. 26 5.317 8. 512 .2515 — | .1977 
.4338 - | .1135 6. 169 .1346 -1 63. 37 2. 306328 86. 618 9. 207 . 4022 45. 41 5.319 8. 536 .2498 -1 | .1970 
.4307 — | .1132 6. 180 :1837 = 63. 81 2. 306746 86. 683 9. 192 . 4021 45.55 5. 321 8. 561 . 2482 -1 | .1964 
.4277 — | .1128 6. 190 .1328 — 64. 25 2. 307162 86. 746 9.177 . 4020 45. 70 5. 323 8. 585 .2465 -1 . 1958 
.4946 —- | .1125 6. 200 .1319 -1 64. 69 2. 307576 86. 810 9. 163 . 4019 45. 84 5. 325 8. 610 .2448 ~i . 1952 
„4217 — | ,1122 6. 210 .1310 -! 65. 14 2. 307989 86. 874 9. 148 . 4019 45. 99 5. 327 8. 634 .2432 — | .1945 
.4187 -? | .1119 6. 220 .1302 =! 65. 59 2. 308400 86. 937 9. 133 . 4018 46. 14 5. 329 8. 658 . 2416 1 . 1939 
.4158 -? . 1116 6. 230 .1293 -! 66. 04 2. 308809 87. 000 9. 119 . 4017 46. 29 5. 331 8. 683 „2399 ~! .1933 
. 4128 -? | ‚1113 6. 240 . 1284 ~! 66. 50 2. 309216 87. 063 9. 104 . 4016 46. 43 5. 332 8. 708 .9383 -1 | .1927 
.4100 -? | .1109 6.251 | .1276 ~! 66. 95 2. 309622 87. 126 9. 090 . 4016 46. 58 5. 334 8. 732 .2367 — | ‚1991 
.4071 — | .1106 6. 261 .1267 -1 67. 41 2. 310026 87. 189 9. 075 . 4015 46. 73 5. 336 8. 757 .2359 -1 . 1915 
„4042 — . 1103 6.271 .1259 — 67. 88 2. 310428 87.251 9. 061 . 4014 46. 88 5. 338 8. 781 .9336 -1 . 1909 
.4014 -? | .1100 6. 281 .1250 ~! 68. 34 2. 310828 87. 315 9. 046 . 4014 47. 02 5. 340 8. 806 .2320 -1 . 1903 
.3986 -? . 1097 6. 291 . 1242 -1 68. 81 2. 311227 87. 376 9. 032 . 4013 47.17 5. 342 8. 831 . 2305 -1 ‚ 1897 
.3958 - | .1094 6.301 . 1234 -1 69. 28 2, 311625 87. 438 9. 018 . 4012 47. 32 5. 344 8. 856 . 2290 -1 . 1891 
. 3931 -? | .1091 6. 311 .1226 -1 69. 75 2. 312020 87. 499 9. 004 . 4011 47.47 5. 345 8. 881 .2274 31 . 1886 
.8904 -? | .1088 6. 321 .1218 -~ 70. 23 2. 312414 87. 561 8. 989 . 4011 47. 62 5. 347 8. 905 .2259 — | .1880 
.3877 — | .1085 6. 332 .1210 ~! 70. 57 2. 312806 87. 623 8. 975 . 4010 47.77 5. 349 8. 930 . 2244 -1 | .1874 
.3850 -2 | „1082 6. 342 .1202 ~ 71.19 2. 313197 87. 684 8. 961 . 4009 47. 92 5. 351 8. 955 .2230 — | .1868 
.3823 -2 | .1079 6. 352 . 1194 ~ 71. 67 2. 313586 87. 745 8. 947 . 4009 48. 07 5. 353 8. 980 . 2215 -i . 1862 
.3797 — | .1076 6. 362 .1186 -~ 72. 16 2. 313973 87. 806 8. 933 . 4008 | 48,99 5. 354 9. 005 ‚2200 -1 | .1857 
.3771 — | .1073 6.372 .1178 ~ 72. 65 2. 314359 87. 867 8. 919 . 4007 48.37 5. 356 9.031 . 2186 - | .1851 
. 3745 — | .1070 6. 382 „1170 21 73. 14 2. 314743 87. 927 8. 905 . 4007 48. 52 5. 358 9. 056 „2171 -1 | „1845 
.9719 - | .1067 6. 392 .1163 ~! 73. 63 2. 315126 87. 988 8. 891 . 4006 48. 67 5. 360 9.081 .2157 -1 | .1840 
.3693 - | .1064 6. 402 .1155 — 74.13 2. 315507 88. 048 8. 877 . 4005 48. 82 5. 362 9. 106 . 2143 -1 | „1834 
. 3668 — | .1061 6. 412 .1148 +! 74. 63 2. 315886 88. 108 8. 864 . 4004 48. 97 5. 363 9. 131 .2129 -1 | .1828 
.3643 -2 | .1058 6. 423 .1140 ~! 75.13 2. 316264 88. 169 8. 850 . 4004 49. 13 5. 365 9. 156 .2115 -1 | .1823 
. 3618 —2 | .1055 6. 433 .1133 ~ 75. 65 2. 316640 88. 228 8. 836 ‚ 4003 49. 28 5. 367 9. 182 . 2101 -1 | „1817 
„3593 - | .1052 6. 443 .1125 21 76.15 2. 317015 88. 288 8. 823 . 4002 49. 43 5. 369 9. 207 .2087 — | .1812 
. 3568 -2 | .1050 6. 453 ‚1118 ~ 76. 66 2. 317388 88. 347 8. 809 ‚ 4002 49. 58 5. 370 9. 232 .2073 = | .1806 
„3544 — | .1047 6. 463 па 77.18 2. 317760 88. 406 8. 795 . 4001 49. 73 5. 372 9. 258 . 2060 -1 . 1801 
.3520 -2 | „1044 6. 473 „1103 +! 77. 69 2. 318130 88. 466 8. 782 . 4000 49. 89 5. 374 9. 283 . 2047 — | .1795 
. 3496 - | .1041 6. 483 . 1096 -1 78. 21 2. 318499 88. 525 | 8.768 . 4000 50. 04 5. 375 9. 309 .2033 -1 | .1790 
.3472 — | .1038 6. 493 . 1089 — 78. 74 2. 318866 88. 584 8. 755 . 3999 50. 19 5. 377 9. 334 . 2020 - | .1784 
. 3449 3 | .1035 6. 504 .1082 — 79. 26 2. 319232 88. 642 8. 741 . 3999 50. 35 5. 379 9. 360 .2007 -1 | .1779 
. 3425 -2 | .1032 6. 514 ‚1075 — 79. 79 2. 319596 88. 701 8. 728 . 3998 50. 50 5, 381 9. 386 .1994 -1 | .1774 
. 3402 — | .1030 6. 524 .1068 — 80. 32 2. 319959 88. 760 8. 715 . 3997 50. 65 5. 382 9. 411 .1981 — | .1768 
.3379 — | .1027 6. 534 .1061 -! 80. 86 2. 320320 88. 818 8. 702 . 3997 50. 81 5. 384 9. 437 .1968 - | .1763 
.3356 — | .1024 6. 544 .1054 ~! 81. 40 2.320679 |. 88. 876 8. 688 . 3996 50. 96 5. 386 9. 463 . 1955 ~! ‚ 1758 
. 3333 -2 | .1021 6. 554 . 1048 — 81. 94 2. 321038 88. 934 8. 675 . 3995 51.12 5. 387 9. 488 . 1943 -1 | „1753 


.3311 -? . 1019 6. 564 „1041 ~ 82. 48 2. 321395 88. 991 8. 662 . 3995 51.27 5. 389 9.514 „1930 -1 . 1747 
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TABLE II.—SUPERSONIC FLOW — Continued 


y=7/5 
| t 
M T V p: 
or | 2 LA = Bo СЯ 4 id К Р M: Ра p2, T» із тъ 
Mi p: pt t р: А, аж | Pr. pi Ti Di, Pty 
6.65 | .3341 -3 | „3289 — | .1016 6. 574 .1034 — | 83.03 2. 321750 89.049 | 8649 | .3994 51.43 | 5.391 9.540 | .1918 -! | .1742 
6. 66 .3309 -3 . 3267 72 . 1013 6. 584 .1028 ~ 83. 58 2. 322104 89. 106 8. 636 . 9993 51. 58 5. 302 9. 566 . 1905 ~! . 1737 
6. 67 . 3278 -3 ‚8245 7: - 1010 6. 595 .1021 = 84. 13 2. 322456 89.164 | 8.623 . 3993 51. 74 5. 394 9. 592 ‚ 1898 ~ . 1732 
6. 68 .8247 73 ‚3228 m . 1008 6. 605 . 1014 ~ 84. 68 2. 322807 89. 221 8. 610 3992 51. 89 5. 395 9. 618 .1881 ~! .1727 
6. 69 .3217 73 .3201 -? . 1005 6. 615 .1008 ~! 85. 24 2. 323157 89. 278 8. 507 3992 52. 05 5. 397 9.644 .1869 -1 . 1721 
6.70 . 3187 7 . 3180 -? . 1002 6. 625 . 1001 ~! 85. 80 2. 323505 89. 385 8. 584 3991 52. 21 5. 399 9. 670 ‚1857 ~! . 1716 
6. 71 .3157 3 „8158 -2 . 9995 1 | 6. 635 „9950 72 86. 37 2. 323852 89. 391 8. 571 3990 52. 36 5. 409 9. 696 . 1845 -1 .1711 
672 | .3127 — 13137 -2 | 9068 — | 6.645 | 19886 — | 86.94 | 2324198 | 89.448 8.558 | .3990 | 5252 | 5.402 9.722 | .1833 -1 | .1706 
6. 73 . 3098 — „8116 >2 „9942 ~ 6. 655 „9823 -2 87. 51 2. 324542 89. 504 8. 545 3989 52. 68 9. 403 9. 748 .1821 -1 . 1701 
6. 74 .3069 -3 .3096 -2 9915 =! 6. 665 „9761 72 88. 08 2. 324884 89. 561 8. 532 3988 52. 83 9. 405 9: 775 „1810 -! . 1696 
6. 75 . 3041 -з „8075 72 . 9889 71 6. 676 . 9699 -? 88. 66 2. 325226 89. 617 8. 520 . 3988 52. 99 5. 407 9. 801 1798 -1 . 1691 
6. 76 ‚ 3013 73 ‚3055 -2 . 9862 1, 6.686 . 9637 га 89. 24 2. 325566 89. 673 8. 507 . 3987 53. 15 5. 408 9. 827 .1786 ~! . 1686 
6. 77 .2085 -3 . 3084 ~? . 9836 = 6. 696 .9576 -2 89. 82 2. 325904 89. 729 8. 494 3987 58. 31 5. 410 9. 853 . 1775 —! . 1681 
6. 78 . 2957 73 . 3014 72 „9810 7 6. 706 . 9515 а 90. 41 2. 326242 89. 784 8. 482 3986 53. 46 5.411 9. 880 . 1764 1 ‚ 1677 
6. 79 . 29380 73 . 2994 ~? . 9784 7 6. 716 . 9454 -? 91. 00 2. 326578 89. 840 8. 469 3986 53. 62 5. 413 9. 906 . 1758 ~! . 1671 
6. 80 . 2902 -3 „2974 72 „9758 = 6. 726 . 9395 =? 91. 59 2. 326912 89. 895 8. 457 3985 53. 78 5. 415 9. 933 .1741 —! . 1667 
6. 81 . 2876 3 „2955 -2 „9732 әң! 6. 736 . 9335 72 92. 19 2. 327245 89. 950 8. 444 3984 58. 94 5. 416 9. 959 .1730 ~! . 1662 
6. 82 . 2849 73 „2935 72 „9706 1 6. 746 . 9276 -2 92. 79 2. 327577 90. 005 8. 432 3984 54. 10 5. 418 9. 986 „1719 ~! ‚ 1657 
6. 83 „2823 73 . 2916 72 . 9681 1 | 6.756 „9218 -2 98. 39 2. 327908 90. 060 8. 419 3988 54. 26 5. 419 10. 01 .1709 — ‚ 1652 
6. 84 „2797 3 . 2897 -? . 9655 71 6.767 . 9160 ~? 94. 00 2. 328237 90. 116 8. 407 3988 54. 42 5. 421 10. 04 „1698 -! . 1647 
6. 85 .2771 — „2878 =? „9630 =! 6,777 .9102 ~? 94.61 2. 328565 90. 170 8.394 . 3982 54. 58 5. 422 10. 07 .1687 -! . 1643 
6. 86 .2746 -3 | .2859 ~? . 9604 -! 5. 787 . 9045 -? 95. 22 2. 328892 90. 225 8. 382 . 3981 54. 74 5. 424 10. 09 . 1676 ~! . 1638 
6, 87 . 2720 -3 „2840 ~? .9579 -! 6. 797 . 8988 -? | 95.85 2. 320217 90. 279 8. 370 . 9981 54. 90 5. 425 10. 12 .1666 -1 . 1633 
6. 88 „2096 “4 „2821 — „9554 -! 6. 807 ! .893] — 96. 45 2.329541 90. 383 8. 357 . 3980 55. 06 5.427 10. 15 . 1655 -! . 1628 
6. 89 . 2671 73 . 2808 ~ | .9529 -! 6. 817 . 8575 72 97. 08 2. 329864 90. 387 8.345 . 3980 55. 22 5. 428 10. 17 ‚1645 -1 . 1624 
6. 90 . 2646 -3 . 2785 72 | .9504 ~! 6. 827 „8820 ~? 97. 70 2. 330186 90. 441 8. 838 . 3979 55. 38 5. 430 10. 20 „1634 ~! . 1619 
6. 91 . 2622 -3 . 2766 -? . 9479 —! 6. 857 . 8764 7: 98. 33 2. 350506 90. 495 8. 321 . 9979 55. 54 5. 431 10. 23 „1624 ~! . 1614 
6. 92 . 2598 -3 „2748 -? . 9454 -1 6. 847 . 8710 ~? 98. 96 2.330825 | 90. 549 8. 309 . 3978 55. 70 5. 433 10. 25 . 1614 ~! . 1610 
6. 98 . 2575 3 „2730 — „9430 -1 6. 857 . 8655 -? 99. 60 2.331143 | 90.602 8. 207 .3977 55. 86 5. 434 10. 28 .1604 -— | .1605 
6. 94 .2551 ~? „2713 -? „9405 -1 6. 868 „8601 =? 100.2 2.331460 | 90. 655 8. 285 3977 56. 02 5. 486 10.31 | .15904 -! . 1601 
6. 95 2528 ~? 2695 7: „9880 =! 6.878 8548 ~? 100. 9 2. 331775 | 90.709 8. 273 . 3976 56. 19 5. 437 10.98 | 11584 ~ „1596 
6. 96 . 2505 -3 2077 ~? „9356 71 | 6,888 . 8495 ~? 101.5 2. 332089 90. 762 | 8. 261 „8976 56.35 5. 439 10. 36 „1574 СТ . 1592 
6.97 „2482 73 . 2660 —2 „9882 ri 6. 598 . 8442 — 102.2 2.932402 ; 90. 815 | 8. 249 .3975 56. 51 5. 440 10. 39 .1564 =! ‚ 1587 
6. 98 2460 -3 2643 — .9307 71 6. 908 8589 7: 102. 8 2.332714 , 90.867 | 8.237 . 3975 56. 07 5. 442 10. 42 .1554 ~! . 1582 
6. 99 2438 -3 2626 — .0283 -1 6. 918 8337 m 103. 5 2. 333024 90. 920 8. 225 . 3974 56. 84 5. 443 10. 44 . 1545 -i . 1578 
7. 00 . 2416 vi . 2609 ~? „9259 ri 6. 928 „8286 ~? 104.1 2. 333333 90. 973 8. 213 .3974 57. 00 9. 444 10. 47 „1535 =! . 1574 
7.01 . 2394 3 „2592 mè . 9255 ГА 6. 958 . 8234 ~? 104. 8 2.333641 91.026 8. 201 . 3973 57. 16 5. 446 10. 50 „1526 ~i . 1569 
7. 02 2372 = 2575 —2 .9211 ~ 6. 948 8183 ~? 105. 5 2.333948 91. 078 8. 190 . 9978 57. 33 5. 447 10. 52 „1516 ~! . 1565 
7.03 2351 — | .2559 ~? 9185 -i 6. 959 8133 ~? 106. 1 2. 334254 91. 130 8. 178 . 3972 57.49 5. 449 10. 55 . 1507 =! . 1560 
7.04 2330 “3 2542 - 9164 7 6. 969 8082 ~? 106. 8 2. 334558 91. 182 8. 166 . 3971 57. 66 5. 450 10.58 . 1497 ~ . 1556 
7. 05 2300 3 2526 7: 9140 i 6. 979 8032 — 107. 5 2. 334862 91. 234 8. 155 9971 57. 82 5.45 10. 61 „1488 -ң! . 1551 
7.06 2288 -3 2510 — 9117 “i 6. 989 7983 ~? 108. 2 2. 335104 91. 286 8. 143 3970 57. 98 5. 453 10. 63 „1479 ~! . 1547 
7.07 2267 -3 2494 -? 9098 -1 6. 999 7034 -? 108. 9 2.335465 91. 337 8. 131 3970 98. 15 5. 454 10. 66 . 1470 —! . 1543 
7.08 2247 -3 2478 — 9070 =! 7.009 7885 m 109. 5 2. 335765 91. 389 8. 120 3969 98.31 5. 456 10. 69 .1461 -! . 1538 
7.09 2227 33 2462 ~? .9047 —! 7. 019 7887 7 110.2 2.336063 91. 440 5. 108 3969 58. 48 5.457 10. 72 .1452 ~ . 1534 
7.10 .2207 ~? „2446 -2 „9024 ~i 1.029 . 7189 ~ 110.9 2.336361 91. 492 8. 097 5968 58. 65 9. 45 10. 74 . 1443 -1 . 1530 
7.11 „2157 23 „2420 72 „9001 ~! 1.039 „7141 7? 111. 6 2.336657 91.543 | 8.085 3968 58. 81 5. 460 10.77 . 1434 -1 . 1525 
7.12 „2168 -3 „2415 -? „8978 -1 7. 049 . 7693 -? 112.3 2. 336952 91. 594 8. 074 3967 58. 98 5. 461 10. 80 . 1425 ~! . 1521 
7. 13 „2149 73 ‚2400 -? „8955 ri 7. 060 „7646 ~? 113.0 2.397246 | 91. 645 8. 062 3967 59. 14 5. 463 10. 83 „1416 ~ . 1517 
7. 14 „2130 73 „2384 -? „8932 -1 7.070 ‚ 7600: — | 113.7 2.337559 : 91.695 8. 051 3966 59.31 5.464 10.85 | .1408 -! . 1513 
7. 15 ‚2111 «fé . 2369 ~: „5909 1 7. 080 | .7553 — | 114.5 2.337891 91. 746 8. 040 3966 59. 48 5. 465 10. 88 .1399 -: . 1509 
7.16 . 2092 -3 „2354 ~? . 8886 Ti 7. 090 7507 — | 115.2 2.338122 91. 796 8. 028 . 3965 59. 64 5. 467 10. 91 . 1390 -1 . 1504 
7. 17 „2073 ré „2339 -? . 8864 -! | 7.100 7461 -? 115.9 2. 338412 91. 847 8. 017 3965 59. 81 5. 468 10. 94 1382 ~ ‚ 1500 
7.18 . 2055 -3 „2324 7: „8841 71 | 7.110 7416 —? 116. 6 2.538700 91. 897 8. 006 3964 59. 98 5. 470 10.97 | „1874 ~! . 1496 
7.19 „2037 .—3 „2510 -2 „8819 ri 7. 120 7371 7 117.3 2. 338988 91.947 7. 995 3964 60. 15 5. 471 10.99 | .1365 -! . 1492 
7.20 „2019 -3 42205. ~? „8797 -1 7.150 „7326 =? 118. 1 2. 339274 91. 997 7. 984 3963 60. 31 5. 472 11.02 „1357 7 . 1488 
7. 21 . 2001 = „2281 - „8774 71 7. 140 „7281 -? 118. 8 2. 339550 92. 047 7. 972 3963 60. 48 5. 474 11.05 .1349 -1 . 1484 
7.22 . 1983 3 „2266 ~? „8752 71 7. 150 7237 7? 119. 6 2. 339843 92. 097 7. 961 3962 60. 65 5. 475 11. 08 .1340 -1 „1480 
7.23 1. .1966 — „2252 ~? . 8730 71 7. 161 7194 — 120. 3 2. 340127 92. 146 7. 950 3962 60. 82 5.476 11.11 „1332 — | .1476 
7.24 „1949 — 2224852 ‚8708 ri 7.171 7150 ~ 121.0 2. 340409 92. 196 7. 939 3961 60. 99 5.478 11. 13 „1324 ~! . 1472 
7.25 „1932 — | „2224 — . 8686 =! 7. 181 7107 ~ 121.8 2.340690 92. 245 7. 928 3961 61. 16 5. 470 11. 16 .1816 -1 . 1468 
7. 26 „1915 -3 „2210 7? | .8664 ~! 7. 101 7064 ~? 122. 5 2. 340969 92. 204 7.917 3960 61. 33 5. 480 11. 19 .1308 -1 ‚ 1464 
1-21 . 1898 -3 .2196 =: „8648 =! 7.201 7021 ~? 123.3 2.341248 92. 343 7. 906 3960 61. 50 5. 481 11. 22 . 1300 ~! . 1460 
7.28 „1881 = „2182 -? „8621 -! 7.211 . 6979 -? 124. 1 2. 341526 92. 392 7. 895 8959 61. 66 5. 483 11.25 „1292 ~! . 1456 
7. 29 .1865 -3 .2169 -? .8500 -1 7. 221 . 6987 =? 124.8 2. 341808 92. 441 7. 884 3959 | 61. #3 5. 484 11.28 . 1285 ~! . 1452 
7. 30 ‚ 1848 3 ‚2155 == „8578 71 7.231 6896 72 125.6 2. 342079 92. 490 7. 874. . 3958 62. 01 5. 485 11.30 „1277 TI . 1448 
7.31 . 1832 73 . 2142 -? .8556 -1 7. 241 6854 -? 126. 4 2. 342353 92. 538 7. 863 . 3958 62. 18 5. 487 11.33 „1269 — „1444 
7.32 . 1816 -3 .2198. — | 8505 1 7. 251 . 6818 -? | 127.2 2. 342627 92. 587 7.852 . 3957 62. 35 5. 488 11.36 „1262 -1 . 1440 
7.33 „1801 — „2115 2] .8514 -1- 7.261 .6772 “| 127.9 2. 342900 92. 635 7.841 . 3957 62. 52 5. 489 11.39 . 1254 -1 . 1436 
7.34 .1785 3 ‚2102 -2 „8492 -1 7.272 0731 -? 128.7 2. 343171 92. 684 7. 830 . 9956 62. 69 5. 400 11.42 . 1246 -1 „1432 
7.35 <1769- “3 „2089 ~? „8471 71 7. 282 6691 -? 129. 5 2, 343442 92. 732 7.820 3956 62. 86 5. 492 11.45 . 1239 ~! . 1428 
7. 36 .1754 “3 „2076 -? „8450 ~! 7. 292 . 6651 =? 130.3 2. 343711 92. 780 7. 809 3955 63. 03 5. 498 11.48 „1232 — . 1424 
7.37 . 1739 -3 „2063 “2 „8429 1 7. 302 „6612 -2 131.1 2. 343980 92. 828 7. 798 3955 63. 20 5. 494 11.50 .1224 -1 . 1421 
7. 38 ‚1724 7-9 .2050 -? „8408 -1 7. 312 .6572 -2 131.9 2. 344248 92. 876 7. 788 3955 63.38 | 5.495 11. 53 .1217 ci . 1417 
7.39 . 1709 -3 „2037 ~? .8388 -1 7.322 6533 -? 132. 7 2. 344514 92. 923 7.777 3954 63.55 | 5.497 11.56 .1210 “1 . 1413 
7.40 . 1694 -3 „2025 — „8567 ri 7.332 6494 -2 133. 5 2. 344780 92. 971 7. 766 3954 63. 72 5. 498 11.59 ‚1202 “ет . 1409 
7.41 | .1680 -3 . 2012 — . 8346 =! 7. 342 „6456 =? 134. 3 2. 345044 38. 018 7. 756 3953 63. 89 5.499 11.62 .1195 — . 1405 
7.42 . 1665 3 „2000 -? .8826 -1 7. 352 „6417 ~? 135.2 2. 345308 93. 066 7. 745 3958 64. 07 5. 500 11. 65 . 1188 =! . 1402 
7.43 . 1651 =? „1988 -2 . 8305 -1 7.362 6379 -2 136. 0 2. 345571 93. 112 7. 735 3952 64. 24 5. 502 11. 68 „1181 ~ . 1398 
7.44 „1637 3 „1975 ~? „8285 71 7. 372 6341 -2 136.8 2. 345832 93.160 7. 724 3952 64.41 5. 503 11.71 “Ша = . 1394 
7.45 . 1623 -3 . 1968 -? .8264 -1 7.388 6304 -? 137. 6 2. 346093 93. 207 7. 714 3951 64. 59 5. 504 11.73 ‚1167 ~! . 1390 
7. 46 . 1609 -3 „1951 -? .8244 -1 7. 398 .6267 72 138. 5 2. 346353 93. 254 7. 704 3951 64. 76 5. 505 11.76 . 1160 ~! „1387 . 
7.47 . 1595 -3 „1939 -? .8224 -1 7. 403 .6229 7? 139.3 2. 346612 93. 300 7. 693 3950 64. 93 5. 507 11.79 ‚ 1158 -1 . 1383 
7. 48 . 1581 —3 ‚1927 == .8203 -! 7. 413 „6193 77? | 140.1. 2. 346870 93. 347 7. 683 3950 65. 11 5. 508 11. 82 ‚1146 -! . 1379 
7.49 . 1568 -3 . 1916 ~? .8183 -1 7. 423 .6156 -? 141.0 2. 347126 93. 394 7.673 3950 65. 28 5. 509 11.85 . 1140 ~ „1376 
7.50 . 1554 -3 .1904 -? .8163 1 7. 433 . 6120 -? 141.8 2 347382 93. 440 7. 662 3949 65. 46 5. 510 11.88 .1133 ~! . 1372 
7.51 .1541 -з „1892 -? „8143 -i 7.443 . 6084 -2 142.7 2. 347687 93. 487 7. 652 3949 65. 68 5. 511 11.91 „1126 -i . 1368 
4.52 .1528 -3 „1881 -? .8123 -! 7. 453 . 6048 -? 143. 6 2. 347892 | 93.533 7. 642 . 3948 65. 81 5.513 11.94 „1120 -! „1365 
7. 58 „1515 = . 1869 -2 . 8104 ~! 7. 463 „6013 -? 144. 4 2. 348145 93. 579 7.632 . 3048 65. 98 5. 514 11.97 „1113 -1 . 1361 
7. 54 . 1502 .1858 -2 . 8084 -1 7. 473 „5977 -2 145. 3 2. 348397 | 7 ' 93.624 | 7.621 . 3047 66. 16 5. 515 12. 00 „1106 =! . 1358 


EQUATIONS, TABLES, AND CHARTS FOR COMPRESSIBLE FLOW 


TABLE II.—SUPERSONIC FLOW —Continued 


y=7/5 
M Ра 
ог D Р. T 8 4 A V у и Мо pa 
M, pi pt T, p: А, ах Фі 
7.55 .1489 -3 | .1847 -? | .8064 -! 7. 483 .5942 -2 146.2 2. 348648 93. 670 7. 611 . 3947 66. 34 
7. 56 1477 — | ,1836 -? 8045 -1 7. 494 .5908 -2 147.0 2. 348899 93. 716 7. 601 . 3946 66. 51 
7.57 1464 -3 1824 -? 8025 — 7. 504 .5873 “2 147.9 2. 349148 93. 762 7. 591 . 3946 66. 69 
7. 58 1452 — | .1813 -? 8006 ~! 7.514 .5839 — 148,8 2. 349397 93. 807 7.581 . 3946 66.87 
7.59 1439 — | .1802 -? 7986 -i 7.524 . 5805 -2 149.7 2. 349644 93. 853 7.571 3945 67. 04 
7. 60 1427 -3 | .1792 -3 7967 — 7. 534 .5771 22 150. 6 2. 349891 93. 898 7. 561 3945 67. 22 
7. 61 1415 — | ‚1781 ~? 7948 -1 7. 544 5737 —2 151.5 2. 350137 93. 943 1.551 3944 67.40 
7.62 1403 -3 1770 —2 7928 -i 7. 554 5704 -? 152. 4 2. 350382 93. 988 7. 541 3944 67. 58 
| 7.63 1391 -3 | .1759 -2 7909 ~ 7. 564 .5671 -? 153. 3 2. 350626 94. 033 7. 531 3943 67. 75 
7. 64 1380 -3 | .1749 -? 7890 ~ 7. 574 .5638 —2 154. 2 2, 350869 94. 078 7. 521 3943 67. 93 
7. 65 1368 — | .1738 -2 7871 ~ 7. 584 .5605 -? 155.1 2.351112 94. 123 7. 511 . 3943 68. 11 
7. 66 1357 -3 | „1798 -? 7852 — 7. 594 5572 —2 156.0 2. 351353 94. 168 7. 501 . 3942 68. 29 
7. 67 1345 -3 1717 ~ 7833 ~ 7. 605 5540 -? 157.0 2. 351594 94. 212 7.491 3942 68. 47 
7. 68 1334 -3 | .1707 —2 7815 -1 7.615 5508 -? 157.9 2. 351834 94. 257 7.482 3941 68. 65 
7. 69 1323 — | .1697 -2 7796 ~! 7. 625 5476 -2 158.8 2. 352072 94. 301 7.472 3941 68. 83 
7.70 1312 — | .1687 — 7777 ~! 7.635 5445 -? 159. 8 2. 352310 94. 345 7. 462 3941 69.01 
7.71 1301 — | .1677 — 7759 — 7. 645 5413 - 160.7 2. 352548 94. 389 7. 452 3940 69. 18 
7.72 1200 -3 1667 -2 7740 zi 7. 655 5382 -? 161.7 2. 352784 94. 433 7. 443 3940 69. 36 
| 773 1279 — | .1657 — 7722 -1 7. 665 „5351 -? 162. 6 2. 353019 94. 477 7. 433 3939 69. 55 
| TA 1269 — | .1647 — 7703 ~ 7. 675 5320 -? | 163.6 2. 353254 94. 521 7. 423 3939 69. 73 
7. 75 1258 -3 | .1637 -? 7685 -! 7. 685 5290 -2 164. 5 2. 353488 94. 565 7. 414 3989 69. 91 
7.76 1248 — | .1627 — 7607 ~! 7. 695 5959 —2 165. 5 2. 353791 94. 608 7. 404 3938 70. 09 
7.77 1237 — | 11618 -2 7648 ~ 7. 705 5229 -? 166. 5 2 353953 94. 652 7. 395 3938 70. 27 
7. 78 1227 — | .1608 — 7630 ~! 7. 715 5199 -? 167. 4 2. 354184 94. 695 7. 385 3937 70. 45 
7. 79 1217 — 1599 -? 7612 ~: 7. 726 5170 = 168. 4 2. 354415 94. 739 7. 375 3937 70. 63 
7. 80 1207 — | .1589 -2 7594 -~ 7. 736 5140 -2 169. 4 2. 354644 94. 782 7. 366 3937 70. 81 
7.81 1197 — | .1580 ~ 7576 — 7. 746 .5111 2 170. 4 9. 354873 94. 825 7. 356 3936 71. 00 
7.82 1187 — | 11571 — 7558 -1 7. 756 .5082 22 171.4 2. 355101 94. 868 7. 347 3936 71.18 
7.83 1177 3 | „1561 - 7540 ~! 7. 766 .5053 -2 172.4 2. 355328 94. 911 7. 338 3935 71. 36 
7.84 1168 -3 | „1562 —2 7523 -1 7.116 5094 -? 173.4 2. 355555 94. 954 7.328 3935 71.54 
7.85 .1158 -3 1543 — 7505 -1 7. 786 4995 -2 174. 4 2. 355780 94. 996 7. 319 3935 71. 73 
7.86 .1149 — 1534 -2 7487 ~ 7. 796 4967 -2 175. 4 2. 356005 95. 039 7. 309 3934 71. 91 
7.87 .1139 — 1525 -2 7470 — 7. 806 . 4939 - 176. 4 2. 356229 95. 082 7. 300 3934 72. 09 
7. 88 .130 -3 1516 -? 7452 — 7.816 4911 - 177. 5 2. 356453 95. 124 7. 291 3233 72. 28 
7.89 „1121 - 1507 -? 7435 ~! 7. 826 4883 - 178. 5 2. 356675 95. 166 7.281 3933 72. 46 
7.90 1111 -3 1498 — 7417 -1 7. 836 4855 -2 179. 5 2. 356897 95. 208 7. 272 3933 72. 65 
7. 91 1102 —3 1490 -2 7400 =! 7. 847 .4828 -2 180. 5 2. 357118 95. 251 7. 263 3932 72. 83 
7. 92 1093 -3 1481 — 7383 -1 7.857 .4801 -2 181.6 2. 357338 95. 293 7. 254 3932 73. 01 
7.93 1084 — 1472 — 7365 - 7. 867 4774 -? 182. 6 2. 357557 95. 334 7. 245 3932 73. 20 
7. 94 1076 —3 1464 -? 7348 -~ 7.877 4747 3 183. 7 2. 357776 95. 376 7. 235 3931 73. 38 
7.95 1067 -3 1455 — 7334 -1 7.887 .4720 22 184.7 2. 357994 95. 418 7. 226 3931 73. 57 
7. 96 1058 - 1447 -? 7314 -! 7. 897 . 4693 -? 185. 8 2. 358211 95. 460 7. 217 3930 73. 76 
7. 97 1050 -3 1438 -2 7297 — 7. 907 .4667 — 186. 9 2. 358427 95. 501 7. 208 3930 73. 94 
7. 98 1041 - 1430 - 7280 — 7.917 4641 -2 188.0 2. 358642 95. 542 7.199 3930 74.13 
7.99 1033 -3 1422 -? 7263 — 7.927 4615 -2 189. 0 2. 358857 95. 584 7. 190 3929 74. 31 
8. 00 1024 — 1414 — 7246 ~! 7. 937 4589 -2 190. 1 2. 350071 95. 625 7.181 . 3929 74. 50 
8.01 1016 3 1405 -? 7230 ri 7. 947 4563 -2 191.2 2. 359285 95. 666 7. 172 . 3929 14. 69 
| 8. 02 1008 -3 1397 -2 7213 - 7. 957 4538 -2 192. 3 2. 359497 95. 707 7. 163 . 3928 74. 87 
8. 03 9997 — 1389 -2 7196 ~ 7. 967 .4512 — 193, 4 2. 359709 95. 748 7.154 . 3928 75. 06 
| 8. 04 9916 — 1381 -2 7180 -1 7. 978 „4487 -2 194. 5 2. 359920 95. 789 7. 145 . 3927 75. 25 
| 8.05 9837 — 1373 -? 7163 ~! 7. 988 4462 —2 195. 6 2. 360130 95. 830 7. 136 . 3927 75. 44 
8. 03 758 — 1365 -? 7147 — 7. 998 . 4437 ~: 196.7 2. 360340 95. 871 7.127 . 3927 75. 62 
8. 07 9679 — | .1358 — 7130 ~ 8. 008 .4413 = 197.8 2. 360549 95. 911 7. 118 . 3926 75. 81 
8. 08 9602 — | .1350 — 7114 — 8. 018 4388 -2 199. 0 2. 360757 95. 951 7. 109 . 3926 76. 00 
8.09 9525 — 1342 -2 7097 -! 8. 028 4364 -? 200. 1 2. 360965 95. 992 7. 100 . 3926 76.19 
8.10 9449 — | .1334 -? 7081 ~ 8. 038 .4339 -2 201.2 2. 361172 96. 032 7. 092 . 3925 76. 38 
8.11 9373 — | .1327 3 7065 - 8. 048 .4315 -2 202. 4 2. 361378 96. 073 7. 083 . 3925 76. 57 
8.12 9208 — | .1319 - 7049 ~ 8. 058 .4292 — 203. 5 2. 361583 96. 112 7. 074 . 3925 76. 76 
8. 13 9224 — | „1812 -? 7033 =! 8. 068 .4268 -? 204. 6 2. 361788 96. 153 7. 065 . 3924 76. 95 
8.14 9150 — | .1304 -2 7017 ~ 8. 078 ‚4244 — 205. 8 2. 361992 96. 193 7. 057 . 3924 77.14 
8. 15 .9078 — | .1297 —2 | .7001 ~ 8. 088 . 4221 -? 207. 0 2. 362195 96. 233 7. 048 .3924 | 77.33 
8. 16 .9005 — | .1289 -? 6985 -1 8. 098 . 4197 -2 208. 1 2. 362397 96. 272 7. 039 . 3923 77. 52 
8. 17 8934 -4 | .1282 2 6969 =! 8. 109 . 4174 -2 209. 3 2. 362599 96. 312 7. 031 . 3923 77.71 
8.18 8863 — | .1275 -? 6953 — 8. 119 . 4151 -? 210. 5 2. 362800 96. 352 7. 022 . 3923 77. 90 
8.19 8793 — | .1267 — 6937 -1 8.129 .4129 -з 211.7 2. 363001 96. 391 7.013 | .3922 78. 09 
8.20 8723 — | .1260 - 6921 — 8. 139 .4106 -2 212.8 2. 363201 96. 430 7.005 | .3922 78. 28 
8.21 8654 — | .1253 ~ 6906 -! 8. 149 . 4083 -2 214. 0 2. 363400 96. 470 6. 996 . 3921 78. 47 
8. 22 8586 — | .1246 ~ 6890 -! 8. 159 . 4061 -2 215.2 2. 363508 96. 509 6. 988 . 3921 78. 66 
8. 23 8518 + | „1289 ~ 6874 -1 8. 169 .4039 -2 216. 4 2. 363796 96. 548 6.979 | .3921 78. 86 
8. 24 8451 -4 | .1232 2 6859 -i 8. 179 .4017 =? 217.7 2. 363993 96. 587 6. 971 . 3920 79. 05 
8. 25 8384 -4 | .1225 -? 6843 -1 8. 189 .3995 -2 | 218.9 2. 364190 96. 626 6.962 | .3920 79. 24 
8. 26 8318 — | .1218 -? 6828 -1 8. 199 .3973 — 220. 1 2. 364385 96. 665 6. 954 . 3920 79. 43 
8.27 8253 — | „1211 ~ 6813 -! 8. 209 .3951 —2 221.3 2. 364581 96. 704 6. 945 . 3919 79. 63 
8. 28 8188 — | .1205 -? 6797 ^! 8. 219 .3930 — 222. 5 2. 364775 96. 742 6. 937 . 3919 79. 82 
8. 29 8124 .— | .1198 — 6782 ~! 8. 229 .3908 — 223.8 2. 364969 96. 781 6. 928 . 3919 80.01 
8.30 8060 — | .1191 > 6767 -1 8. 240 . 3887 -2 225. 0 2. 365162 96. 820 6. 920 . 3918 80. 21 
8.31 7997 — | .1184 -2 6752 ~! 8. 250 .3866 — 226. 3 2. 365354 96. 858 6. 912 . 3918 80. 40 
8. 32 7935 — | .1178 — 6737 — 8. 260 .3845 — 227.5 2.365546 | 96.896 6. 903 . 3918 80. 59 
8. 33 7873 —+ | .1171 2 6721 -1 8. 270 .3824 -2 228.8 2. 365738 96. 935 6. 895 3917 80.79 
8.34 781] - | .1165 - 6706 -1 8. 280 .3803 -2 230. 0 2. 365928 96. 973 6. 887 .3917 80. 98 
8. 35 7750 — | .1158 ~? 6691 ~! 8. 290 .3783 — 231.3 2. 366118 97. 011 6. 878 . 3917 81. 18 
8. 36 7690 — | .1152 — 6676 -t 8. 300 .3762 -2 232. 6 2. 366307 97. 049 6. 870 . 3917 81.37 
8. 37 7630 — | .1145 — 6662 -! 8. 310 .3742 — 233. 9 2. 366496 97. 087 6. 862 .3916 | ` 81.57 
8. 38 7571 - | .1139 ~ 6647 — 8. 320 28799 -2 235.2 2. 360684 97. 125 6. 854 . 8916 81. 76 
8. 39 7512 -4 | .1133 — 6632 -1 8. 330 .3702 2 236. 5 2. 366871 97.162 6.845 . 3916 81, 96 
8. 40 „7454 — | .1126 = | .6617 ~ 8. 340 .3682 -? 237.8 2. 367058 97. 200 6. 837 . 3915 82. 15 
8. 41 .7396 — | .1120 2! .6603 ~! 8. 350 . 3662 - 239. 1 2. 367244 97. 238. 6. 829 . 3915 82. 35 
8. 42 „7339 — | „1114 - | .6588 ~ 8. 360 . 3642 -2 240. 4 2. 367430 97. 276 6. 821 . 3915 82. 55 
| | -1 8. 370 .3623 -1 241.7 2.367615 97. 313 6. 813 . 3914 82. 74 
8. 44 SI 8. 381 .3603 -2 243. 0 2. 367799 97. 350 6. 805 ‚3914 82. 94 


течет Qm > ers 


парас слали MARR MARM сера фл Сл сл сл ол 


30 


9.34 
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TABLE IL.—SUPERSONIC FLOW—Continued 


у =7/5 
M V 
Mi pi pt T, Di А, ақ 
8.45 7170 — 1096 - . 6544 ~! 8,291 3584 -2 244. 4 2. 367983 97. 388 6. 797 . 3914 
8. 46 7115 -4 1090 -2 . 6530 =! 8. 401 .8565 -? 245.7 2. 368166 97. 424 6. 788 . 3913 
8. 47 . 7060 —4 1084 -? . 6515 -1 8. 411 .3545 -? 247.0 2. 368348 97. 462 6. 780 . 3913 
8. 48 . 7006 -1 1078 -2 . 6501 ~! 8. 421 3526 -2 248. 4 2. 368530 97. 499 6. 772 . 3913 
8. 49 . 6952 ri 1072 -2 . 6487 -1 8. 431 3508 -? 249.7 2. 368712 97. 536 6. 764 . 3912 
8. 50 . 6898 га 1066 — . 6472 mi 8. 441 3489 -2 251.1 2. 368892 97. 573 6. 756 3912 
8. 51 . 6846 — 1060 ~? . 6458 -1 8. 451 3470 == 252. 5 2. 369072 97. 609 6. 748 . 3912 
8. 52 . 6793 -1 1054 -? . 6444 -1 8. 461 3452 -2 253.8 2. 365252 97. 646 6. 740 . 8911 
8. 53 . 6741 “а 1048 ~? . 6430 ~! 8. 471 . 3433 -2 255.2 2. 369431 97. 683 6. 732 3911 
8. 54 6690 ~i 1043 -2 . 6416 ~! 8. 481 . 3415 “а 256. 6 2. 369609 97. 719 6. 725 3911 
8.55 | .6638 -4 1037 -? . 6402 -1 8. 491 3397 ~? 258. 0 2. 369787 97. 756 6. 717 . 3911 
8. 56 . 6588 ~i 1031 -? . 6388 ~! 8. 501 . 8379 - 259. 4 2. 369964 97. 792 6. 709 . 8910 
8. 57 . 6538 ~4 1026 -? . 6874 -! 8. 511 .3361 — 260.8 2. 370140 97. 828 6. 701 . 3910 
8. 58 . 6488 -4 1020 -2 . 6660 ~ 8. 522 .3343 - 262.2 2. 370316 97. 865 6. 693 . 3910 
8. 59 . 6438 ri . 19015 -? 6346 ~! 8. 532 3326 -2 263. 6 2. 370492 97. 901 6. 685 3909 
8. 60 6390 — 1009 -? . 6332 ~! 8. 542 . 3308 -? 265.0 2. 370667 97. 937 6 677 3909 
8. 61 6341 -4 .1004 ~= . 6319 -! 8. 552 „3291 - 266. 4 2 370841 97. 973 6. 670 3909 
8. 62 . 6293 — . 9981 -3 . 6805 =. 8. 562 .8274 -2 267. 9 2.371015 98. 009 6. 662 3909 
8. 63 . 6245 з . 9927 -3 . 6291 ~: 8. 572 . 3256 -2 269. 3 2. 371188 93. 045 6. 654 3908 
8. 64 6198 - . 9873 -3 6277 7! 8. 582 .3239 -2 270. 8 2. 371360 98. 081 6. 646 3908 
8. 65 „6151 -4 . 9820 -3 6264 - 8. 592 ‚8222 а 272.2 2.371532 98.116 6. 639 . 3908 
8. 66 . 6105 - . 9767 “3 .6250 ~! 8. 602 .3205 -2 273.7 2. 371704 98. 152 6. 631 . 3907 
8. 67 . 6059 — . 9714 -3 „6237 га 8. 612 3188 -? 275.1 2. 371875 98. 187 6. 623 . 3907 
8. 68 . 6013 -+ . 9662 -3 „6223 — 8. 622 3171 -2 276. 6 2. 372045 98. 223 6. 616 . 3907 
8. 69 .5968 — . 9610 — .6210 ~ 8. 632 3155 -2 278. 1 2. 372215 98. 258 6. 608 . 3906 
8. 70 „5923 ri .9558 -3 6197 ~! 8. 642 3138 -2 279. 6 2. 372384 98. 293 6. 600 . 3906 
8. 71 .5878 mi .9507 -3 6183 -1 8. 652 3122 -2 281.1 2.372553 98. 329 6. 593 . 3906 
8. 72 5834 — | .9456 — 6170 -1 8. 662 .3105 -2 282. 6 2.372721 98. 364 6. 585 . 9906 
8. 73 5790 — 9405 -3 6157 -1 8. 673 .3089 -2 284. 1 2. 372889 98. 399 6. 578 . 3905 
8. 74 .5747 — 9355 —3 6143 -1 8. 683 3073 -2 285. 6 2. 373056 98. 434 6. 570 . 3905 
8.75 „5704 — 9305 rè . 6130 ~: 8. 693 .3057 -? 287.1 2. 373222 98. 469 6. 562 . 3905 
8. 76 „5661 -~i . 9255 -3 .6117 ~! 8. 703 .3041 -? 288. 6 2. 373388 98. 504 6. 555 . 3904 
8.77 .5619 — . 9205 -3 „6104 ~! 8. 718 .3025 -? 290.1 2. 373554 98. 539 6. 547 . 3904 
8. 78 5577 =š 9156 -3 „6091 сл 8. 723 .8010 -2 291.7 2. 373719 98. 573 6. 540 . 3904 
8. 79 5536 ^ 9108 -3 6078 -! 8. 733 2994 -2 293.2 2. 373883 98. 608 6. 532 . 3904 
8. 80 5494 -i . 9059 — . 6065 -1 8. 743 . 2978 -2 294.8 2. 374047 98. 642 6. 525 . 3903 
8.81 .5453 — .9011 -3 . 6052 ~: 8.753 „2963 - 296. 3 2. 374210 98. 677 6. 518 . 3903 
8.82 „5413 ~i „8963 -3 „6039 ~! 8.763 „2948 -2 297.9 2.374373 98. 711 6. 510 . 3908 
8. 83 5373 — „8915 -3 . 6026 ri 8. 773 . 2932 -2 299. 5 2. 314535 98. 745 6. 503 . 3903 
8.84 5333 — 8868 -3 .6014 -1 8. 783 „2917 -? 301.0 2. 374697 98. 780 6. 495 . 3902 
8.85 5293 — . 8821 “3 . 6001 -1 8. 793 „2902 -2 302. 6 2. 374859 98. 814 6. 488 .3902 
8. 86 .5254 — .8774 -3 ‚ 5988 — 8. 803 „2887 -2 304.2 2. 375019 98. 848 6. 481 . 3902 
8.87 „5215 -4 „8728 — „5975 -1 8.813 „2872 -2 305.8 2. 375180 98. 882 6.473 . 3901 
8.88 5177 ci . 8682 -3 „5963 -1 8. 824 . 2857 -2 307. 4 2. 375339 98. 916 6. 466 . 3901 
8. 89 5139 — . 8636 -3 .5950 -1 8. 834 2843 -2 309.0 2. 375499 98. 950 6. 459 . 3901 
8. 90 5101 ^ 8590 -3 .5938 ri 8. 844 . 2828 -2 310.6 2. 375657 98. 984 6. 451 . 3901 
8. 91 5063 -4 .8545 -3 .5925 ~ 8.854 . 2814 -2 312.3 2. 375816 99. 018 6. 444 . 3900 
S. 92 5026 — .8500 -3 . 5918 — 8. 864 . 2799 -2 313.9 2. 375973 99. 051 6. 437 . 3900 
8.93 4989 -4 .8456 -3 . 5900 -1 8. 874 „2785 -2 315.5 2.376131 99. 085 6. 430 . 3900 
8. 94 .4052 — „8411 -3 . 5888 ri 8. 884 „2771 -? 317.2 2. 376287 99. 119 6. 422 3900 
8. 95 .4916 ri .8367 3 . 5875 7! 8. 894 2756 -2 318.8 2. 376444 99. 152 6. 415 . 3899 
8. 96 . 4880 ri .8323 73 5863 -1 8. 904 „2742 m 320. 5 2. 376599 99. 186 6. 408 3899 
8.97 .4844 — .8280 -3 . 5851 -1 8.914 „2728 — 322.1 2. 376755 99. 219 6. 401 3899 
8. 98 . 4809 -i „8236 -3 . 5838 mi 8. 924 „2714 -2 323.8 2. 376909 99. 252 6. 394 3899 
8. 99 .4773 -4 „8193 -3 .9826 -1 8. 934 „2701 -2 325.5 2. 377064 99. 286 6. 387 3898 
9.00 „4739 — 8150 -3 „5814 -! 8. 944 . 2687 ~? 327.2 2.377217 99. 319 6. 379 . 3898 
9.01 .4704 —.| .8108 -3 5802 -1 8. 954 „2673 -2 328. 9 2.377371 99. 352 6. 372 3898 
9. 02 .4670 — . 8066 -3 5790 -1 8. 964 . 2660 -? 330. 6 2. 377524 99. 384 6. 365 . 3897 
9. 03 4636 -i „8024 — 5778 -1 8. 974 . 2646 -2 332.3 2.377076 99.417 6. 358 . 3897 
9. 04 4602 -i . 7982 — 5766 -1 8. 985 . 2633 -? 334.0 2. 377828 99. 451 6. 351 . 3897 
9.05 .4569 ~i .7940 — .5754 7ҙ1 8. 995 . 2619 -2 335.7 2. 377979 99. 483 6. 344 . 3897 
9. 06 .4535 ~i . 7899 -3 „5742 — 9. 005 2606 -? 337.5 2. 378130 99. 516 6. 337 . 3896 
9. 07 .4503 -i . 7858 -3 .5730 -1 9. 015 2593 -? 339. 2 2. 378281 99. 549 6. 330 . 3896 
9. 08 . 4470 -4 . 7818 -3 .5718 ~! 9. 025 2580 -2 340. 9 2. 378431 99. 581 6. 323 . 3896 
9. 09 4438 -4 stile TU 5706 -1 9.035 2567 72 342. 7 2. 378580 99. 614 6.316 . 3896 
9. 10 . 4405 — . 7737. 73 5694 -1 9. 045 . 2554 -? 344. 5 2.378729 99. 646 6. 309 . 3895 
9. 11 .4974 — . 7697 -3 .5682 -1 9. 055 . 2541 -2 346.2 2. 378878 99. 679 6. 302 . 3895 
9. 12 „4342 — .7657 -3 „5671 ~! 9.:065 2528 -2 348.0 2. 379026 99. 711 6. 295 . 3895 
9. 13 .4311 vi . 7618 -3 5659 -1 9. 075 2515 -? 349. 8 2. 379174 99. 743 6. 288 3895 
9. 14 „4280 — .7578 -3 5647 — 9. 085 . 2503 -2 351. 6 2. 379321 99. 775 6. 281 3894 
9.15 ‚4249 — . 7539 -3 5636 -1 9. 095 . 2490 -? 353. 4 2. 379468 99. 807 6. 274 3894 
9. 16 „4218 — «7501 -3 5624 -1 9. 105 . 2478 -? 355.2 2. 379614 99. 840 6. 268 3894 
9. 17 4188 vi 7462 -3 . 5612 ri 9. 115 . 2465 -2 357.0 2. 379760 99. 872 6. 261 . 3894 
9. 18 4158 -4 7424 -3 . 5601 -1 9. 125 „2453 -2 358. 8 2. 379905 99. 904 6. 254 . 3893 
9.19 ` 4128 — 7386 -3 5589 — 9. 135 . 2441 -? 360. 6 2. 380050 99. 936 6. 247 3893 
9. 20 . 4099 — . 7348 -3 . 5578 -1 9, 145 . 2428 -2 362. 5 2. 380195 99. 967 6. 240 . 3893 
9. 21 . 4069 - .7310 23 .5566 -i 9. 156 . 2416 -2 364.3 2. 380339 99. 999 6. 233 . 3893 
9. 22 . 4040 ~ 7273 -3 „5555 -1 9. 166 2404 -2 366. 2 2. 380483 100. 031 6. 227 . 3392 
9. 23 .4011 - 7236 -3 5544 -1 9. 176 2392 -? 368.0 2. 380626 100. 062 6. 220 . 3892 
9. 24 3983 — 7199 -3 .5532 -1 9. 186 2380 -? 369. 9 2. 380769 100. 094 6. 213 3892 
9. 25 .3954 — 7162 -3 .5521 “4 9.196 2368 -2 371.7 2.380911 100. 125 6. 206 „3892 
9. 26 3926 -4 7126 -3 „5510 ri 9. 206 . 2357 Pè 373.6 2. 381053 100. 157 6. 200 . 3892 
9.27 .3898 — 7090 -3 5499 -1 9. 216 „2345 -2 375.5 2. 381194 100. 188 6. 193 . 3891 
9. 28 «3871 си 7054 -3 5487 -1 9. 226 . 2333 -2 377.4 2. 381335 100. 219 6. 186 . 3891 
9. 29 . 3843 — 7018 -з 5476 -1 9. 236 2322 — 379.3 2. 381476 100. 251 6. 179 . 3891 
9. 30 3816 -4 . 6982 —3 5465 -1 9. 246 . 2310 - 381.2 2. 381616 100. 282 6. 173 . 3891 
9. 31 3789 — . 6947 -3 . 5454 ~! 9. 256 2299 -? 383.1 2. 381756 100. 313 6. 166 . 3890 
9, 32 3762 — .6912 -3 „5443 -1 9. 266 „2287 2 385. 1 2. 381895 100. 344 6. 160 . 3890 
9. 33 .3735 Ti . 6877 — „5432 ~i 9. 276 „2276 -2 387.0 2. 382034 100. 375 6. 153 . 3890 
„3709 ri . 6842 -3 „5421 — 9. 286 „2265 -2 389. 0 2. 382173 100. 406 6. 146 , 3890 | 
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EGUATIONS, TABLES, AND CHARTS FOR COMPRESSIBLE FLOW 


y=7/5 
p p T q A | 
Su on, rm реч fom === и 
ри Pi T, 8 Dt 4А» ах | aj 
.3683 —! . 6807 —3 . 5410 -! 9. 296 ‚2954 -3 390. 9 2. 382311 100. 436 6. 140 
.3657 — . 6773 3 .5399 -! 9. 306 ‚2043 ~? 392. 9 2. 382448 100. 467 6. 133 
.3631 — 6739 —3 ‚ 5388 ~! 9. 316 . 2232 A 394.8 2.382585 100. 498 6.127 
.3605 — „6705 23 „5377 oi 9. 327 «ада “а 396. 8 2.382722 100. 529 6.120 
3580 -4 . 6671 — . 5366 ~! 9. 337 „2210 -? 398. 8 2. 382859 100. 559 6. 113 
3555 — .6638 -3 .5356 əң! 9. 347 „2199 7? .8 2. 382995 100. 590 6. 107 
3530 —1 . 6604 -3 .5345 -1 9. 357 „2188 -? .8 2. 383130 100. 620 6. 100 
.3505 ri .6571 -3 .5334 -i 9. 307 2177 “а .8 2. 383265 100. 651 6. 004 
.3481 -4 6538 -з „5323 ri 9. 377 .2167 “2 .8 2. 383400 100. 681 6.087 
3456 -~i 6506 -3 „5313 7 9. 387 .2156 -? .8 2.383534 100. 711 6. 081 
.9432 — . 6473 3 . 5302 -1 9. 397 . 2146 -3 0.9 2. 383668 100. 742 6.074 
3408 — . 6441 3 .5291 -1 9. 407 .2135 -2 ‚9 2. 383802 100. 772 6.068 
.3384 — . 6409 23 .5981 ~ 9. 417 .2125 -2 .9 2.383935 100. 802 6. 062 
.3361 + . 6377 23 .5270 =! 9. 427 .2114 -? „0 2. 384068 100. 832 6. 055 
„3337 ri . 6345 -3 .5260 ~! 9. 437 „2104 -2 A 2. 384200 100. 862 6. 049 
.3314 7! . 6313 -3 .5949 ~! 9. 447 . 2094 -2 .1 2. 384332 100. 892 6. 042 
‚32901 ri . 6282 -3 . 5239 -1 9. 457 „2084 -2 ‚2 2. 384464 100. 922 6.036 
3268 — . 6251 — .5228 -1 9. 407 .2073 -3 .3 2. 384595 100. 952 6. 030 
3246 -4 .6220 3 .5218 ~ 9. 477 .2063 -2 .4 2. 384726 100. 981 6. 023 
3223 - 6189 -3 .5208 ri 9. 487 . 2053 -2 9. 5 2. 384856 101. 011 6. 017 
.3201 — 6158 — ‚5197 ~! 9. 498 . 2043 -? ‚6 2. 384986 101. 041 6. 011 
‚ 3179 -4 6128 -3 . 5187 ~ 9. 508 . 2034 - 3.7 2. 385116 101. 070 6 004 
3157 = . 6098 — ‚5177 “РИ 9. 518 . 2024 - .9 2. 385245 101. 100 5. 998 
3135 — . 6067 -3 .5167 =! 9. 528 . 2014 - 20 2. 385374 101. 129 5. 092 
3113 - . 6037 -3 .5156 -! 9. 538 .9004 - ‚2 2. 385502 101. 159 в. 085 
.3092 ~4 . 6008 -3 . 5146 ~! 9. 548 .1995 -? .8 2. 385630 101. 188 5. 979 
.3070 — . 5978 -3 . 5136 — 9. 558 . 1985 -2 .5 2 385758 101.217 5. 973 
3049 ~i 5949 -3 . 5126 ~! 9. 568 . 1975 2 Eri 2 3825885 101. 247 5. 967 
3028 — . 5919 —3 . 5116 ~ 9. 578 . 1966 -2 .8 2. 386012 101. 276 5. 960 
3007 ~i 5890 3 . 5106 =! 9. 588 ‚ 1956 = .0 2. 386139 101. 305 5. 954 
.2987 — . 5861 — . 5096 -! 9. 598 . 1947 2 .2 2. 386265 101. 334 5. 948 
2066 — . 5883 -3 . 5086 =! 9. 608 . 1938 - . 4 2. 386391 101. 363 5. 942 
2046 — 5804 -3 .5076 ~! 9. 618 ‚1928 -? ‚7 2 386510 101. 392 5. 936 
. 2926 — 5776 -3 . 5066 =! 9:628 .1919 - 9.9 2. 386641 101. 421 5. 930 
. 2906 ~ 5747 73 . 5056 ~ 9. 638 .1910 -2 Mi 2. 386706 101. 450 5. 923. 
„2886 — . 5719 73 . 5046 ~! 9. 648 .1901 -2 „4 2. 386890 101. 479 5.917 
.9866 ~ 5691 -? .5036 -! 9. 658 .1892 -? ‚6 2. 387014 101. 507 5.911 
‚ 2847 — 5664 — . 5026 -1 9. 668 . 1883 2 ‚9 9. 387138 101. 536 5. 905 
2827 — 5636 — . 5016 ~! 9. 675 „1874 ~ „2 2. 387261 101. 564 5. 899 
2808 — 5609 — | 5007 =! 9. 689 . 1865 -2 „4 2. 387384 101. 593 5. 893 
2789 — .5581 -з . 4997 -1 9. 699 . 1856 -2 475. 7 2. 387507 101. 621 5. 887 
.9770 = 5554 -3 .4987 -1 9. 709 . 1847 ~ 478. 0 2 387620 101. 650 5.881 
275] 4 .5527 -3 .4977 ~! 9. 719 . 1838 - 480. 3 2. 387751 101. 678 5.875 
2733 — . 5501 -3 . 4968 -1 9. 729 . 1830 -2 482. 6 2. 887872 101. 707 5. 869 
‚2714 “4 5474 -3 . 4958 -1 9. 739 . 1821 ~ 485. 0 2. 387903 101. 735 5. 863 
2696 -i .5447 ~? . 4949 ~i 9. 749 . 1812 3 487.3 2. 388114 101. 763 5.857 
2077 —i . 5421 - ‚ 4939 -! 9. 759 . 1204 ~ 489. 6 2. 388234 101. 791 5.851 
2659 — 5395 -3 . 4929 ~! 9. 769 . 1795 3 492. 0 2. 388354 101.820 5. 845 
. 2641 ^ 5369 — .4920 ~! 9. 779 . 1787 3 494. 4 2. 388474 101.848 5. 839 
. 2624 — 5343 — . 4910 -! 9. 789 . 1778 3 496.7 2. 388593 101. 876 5.833 
. 2606 -4 . 5817 —3 . 4901 ~! 9. 799 . 1779 — 499. 1 2. 388712 101. 904 5.827 
‚ 2588 -4 5292 -3 . 4891 ~! 9. 809 21762 -? 501. 5 2 388831 101. 932 5.821 
2571 — .5266 -3 .4882 -1 9. 819 217524 -2 503. 9 2. 388949 101. 960 5.815 
.2554 — .5241 -3 . 4873 -! 9. 829 ‚ 1745 22 506. 3 2 389067 101. 987 5. 809 
. 2537 ~ . 5216 -3 . 4863 -! 9. 839 „1787 508. 7 2. 389185 102. 015 5. 803 
. 2520 — 5191 - .4854 -1 9. 849 .1729 -2 511.2 2. 380302 102. 043 5. 797 
. 2503 — 5166 -3 . 4845 ~! 9.859 „1720 - 513. 6 2. 380419 102. 070 5. 192 
2486 -4 5141 -3 .4835 -1 9. 869 .1712 516. 0 2 340526 102. 098 5. 786 
. 2469 — .5117 3 . 4826 ~! 9. 880 . 1704 518. 5 2. 380652 102. 126 5. 780 
.2453 -4 .5092 -3 .4817 ~ 9. 890 . 1696 521. 0 2. 389768 102. 153 5. 774 
2436 — 5068 -3 .4808 -1 9. 900 . 1689 523.4 2. 3R0884 102. 180 5. 768 
2420 -4 5044 -3 .4798 — 9. 910 . 1681 525.9 9 389999 102. 208 5.762 
2404 — . 5020 -3 . 4789 -1 9. 920 . 1673 528. 4 2. 390114 102. 235 5. 756 
2388 -4 4996 -3 . 4780 ~! 9. 930 1665 530. 9 2 390299 102. 262 5. 751 
2372 -4 4972 -3 „471 I 9. 940 1657 933. 4 2. 390343 102. 290 5. 745 
2356 “4 4048 -3 .4762 ~! 9. 950 . 1649 535. 9 2. 390457 102. 32 5. 739 
2825 - .4901 -3 .4744 -1 9. 970 . 1634 541.0 2. 390684 102. 37 5. 728 
. 2294 з .4855 -3 . 4726 ~ 9. 990 . 1619 546. 1 2. 390910 102. 42 5. 716 
2264 -4 .4809 —3 . 4708 ri 10. 01 1604 551.3 2. 391134 102. 48 5. 705 
2934 — 4764 -3 . 4690 ~! 10. 03 1589 556. 4 2. 391358 102. 53 5. 693 
.2205 -1 . 4719 -3 . 4673 ~! 10. 05 1575 561.7 2. 391579 102. 59 5. 682 
. 2176 ^* . 4675 -3 .4655 ~ 10. 07 1560 567.0 2. 391800 102. 64 5. 671 
. 2148 -4 . 4631 “3 . 4637 —! 10. 09 1546 572.3 2. 392020 102. 70 5. 660 
. 2120 — . 4588 — . 4620 ~! 10. 11 . 1532 577. 6 2. 392238 102. 75 5. 648 
. 2092 —4 4545 -3 . 4603 m! 10. 13 . 1518 583. 0 2. 392455 102. 80 5. 637 
. 2065 ^ . 4503 3 4586 -1 10. 15 1504 588.4 2. 392670 102. 85 5. 626 
.2088 -4 . 4461 73 4568 -1 10.17 1490 593. 9 2. 392885 102. 90 5. 615 
. 2011 ~ „4419 23 .4551 ~! 10. 19 1476 599. 5 2. 393098 102. 95 5. 604 
1985 - 4378 73 ‚ 4534 ~! 10. 21 1463 605. 0 2. 393310 103. 01 5. 593 
1969 -4 4338 -3 .4518 -1 10. 23 1450 610. 6 2. 393521 108. 06 5. 582 
1934 — 4298 -3 .4501 71 10. 25 1437 616.2 2. 393731 103. 11 5.571 
.1909 -* . 4258 -3 . 4484 -1 10. 27 1424 621.9 2. 393940 103. 16 5. 561 
.1885 -+ | „4219 3 4408 — 10. 29 „141 627.6 2. 394147 103. 21 5. 550 
. 1861 ^ 4189 3 .4451 7! 10. 31 1398 633. 4 2. 394354 103. 27 5. 539 
1837 - 4142 -3 4435 — 10. 33 1385 639.2 2. 394559 103. 31 5. 528 
1813 -+ 4104 — „4419 ~! 10. 35 1373 645.1 2. 394763 108. 36 5. 518 
1790 —4 4066 -3 . 4402. ri 10. 37 . 1361 651. 0 2. 394966 103. 41 5. 507 
1767 —i 40290 — . 4386 7! 10. 39 1348 656. 9 2. 395167 103. 47 5. 497 
1745 -4 3903 -3 .4370 -i 10. 41 1336 662. 9 2. 395368 103. 52 5. 486 
1723 -4 3956 3 4354 -1 10. 43 1324 668. 9 2. 395568 103. 56 5. 476 


TABLE II.—SUPERSONIC FLOW—Continued 
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y=7/5 


£3 
pt 
392) 3 
3885 — 
3850 — 
3815 -3 
3780 -3 
3747 3 
3713 3 
8680 —3 
3647 -з 
3614 -3 
3582 -3 
3550 -3 
3518 -3 
3487 3 
3456 = 
3426 -3 
3395 -з 
3365 —3 
3336 = 
3306 7 
3277 73 
32490 -3 
3220 -3 
3192 -3 
3165 — 
3137 — 
3109 -3 
3083 -3 
3056 -? 
3030 -з 
3003 -3 
2078 — 
2952 -з 
. 2927 -3 
„2902 -3 
2877 — 
2852 3 
2828 -3 
2804 -3 
2780 -3 
2756 -3 
2733 -3 
«2710 3 
. 2687 -3 
2664 -3 
2642 -3 
2620 -3 
2508 -3 
2576 -3 
2554 3 
2533 3 
2512 — 
2491 — 
2470 —3 
2450 -3 
2430 -3 
2409 -3 
2390 -3 
2370 -3 
2350 -3 
2331 -3 
2312 -3 
2203 -3 
2274 -3 
2256 -3 
„2237 -3 
2219 -3 
2201 -3 
2183 -3 
2165 -3 
2148 -3 
2131 — 
2113 -3 
2096 — 
2079 3 
2063 -3 
2046 -3 
2030 -3 
2014 -3 
1998 3 
1982 -3 
1966 — 
1950 -3 
1935 -3 
1920 — 
1904 -3 
1889 -3 
1874 -3 
1860 -3 
1845 3 


T 8 4 A 
Fi Di А, 
4338 — | 10.45 „1313 -? 675. 0 
4323 — | 10.47 1301 —2 681.1 
4307 — | 10.49 1289 -2 687. 3 
4291 — | 10.51 .1278 = 693. 5 
4276 — | 10.53 1967 -2 699. 7 
4260 - | 10.55 .1255 — 706. 0 
4245 — | 10.57 1244 — 712.3 
4230 — | 10.59 1233 -2 718.7 
4215 — | 10.61 1223 -: 725. 2 
4200 — | 10.63 1212 -2 731.6 
4185 — | 10.65 1201 -? 738.2 
4170 — | 10.67 1191 -2 744. 8 
4155 -! | 10.69 1180 — 751. 4 
4140 — | 10:71 1170 -? 758.1 
4125 = | 10.73 1160 -2 764.8 
4111 - | 10.75 1150 -2 771.5 
4096 —- | 10.77 1140 -2 718.4 
.4081 — | 10.79 1130 - 785. 2 
4067 — | 10.81 1120 —2 792.1 
4053 -! | 10.83 1110. -2 799.1 
4038 — | 10.85 1101 — 806.1 
4024 — | 10.87 1091 -2 813.1 
4010 — | 10.89 1082 -2 820. 3 
3996 — | 10.91 1073 = 827.4 
3982 — | 10.93 1064 -2 834. 6 
3968 -! | 10.95 1054 -? 841.9 
3954 — | 10.97 1045 -? 849.2 
3941 — | 11.00 1036 -2 856. 6 
3927 — | 11.02 1028 -2 864.0 
3913 - | 11.04 1019 -2 871.5 
3900 — | 11.06 .1010 -2 879.0 
3886 — | 11.08 1002 -2 | 886.6 
3873 — | 11.10 .9932 -3 894. 2 
3860 — | 11.12 .9847 -3 901. 9 
3846 —! | 11.14 .9765 —3 909. 6 
3833 — | 11.16 .9683 -3 917. 4 
3820 ~! | 11.18 .9602 -3 925. 2 
3807 - | 11.20 .9521 -3 933. 1 
3794 — | 11.22 9440 -3 941.1 
3781 c | 11.24 9362 -3 949. 1 
3768 -1 11.26 .9283 -з 957.1 
3755 — | 11.28 .9206 23 965. 3 
3743 3 11. 30 .9130 -3 973. 5 
3730 — | 11.32 .9054 — 981.6 
3717 = | 11.34 .8979 -3 989. 9 
3705 — | 11.36 .8004 -3 998. 3 
3692 — | 11.38 .8830 -3 | 1007 
3680 -! | 11.40 .8757 -3 | 1015 
3668 — | 11.42 .8685 =з | 1024 
3655 ~! | 11.44 .8613 — | 1032 
.3643 — | 11.46 .8543 -3 | 1041 
3631 — | 11.48 .8472 -з | 1050 
3619 -! | 11.50 . 8403 — | 1058 
3607 ~! | 11.52 .8334 -з | 1067 
3595 -1 | 11.54 8266 -3 | 1076 
3583 -! | 11.56 .8199 -3 | 1085 
3571 - | 11.58 .8132 — | 1094 
3559 — | 11.60 . 8066 -3 | 1103 
3547 — | 11.62 .8000 -3 | 1112 
3536 - | 11.64 .7935 — | 1121 
3594 — | 11.66 „7871 — | 1130 
3512 — | 11.68 7808 -3 | 1140 
3501 - | 11.70 7744 — | 1149 
3489 — | 11.72 .7682 -3 | 1158 
3478 — | 11.74 .7620 — | 1168 
3466 -1 | 11.76 7559 -3 | 1177 
3455 — | 11.78 7498 -3 | 1187 
3444 -1 | 11.80 7438 -3 | 1197 
3433 — 11. 82 7879 — 1206 
3422 — | 11.84 7320 — | 1216 
3410 -1 | 11.86 .7201 — | 1226 
3399 — | 11.88 .7901 — | 1236 
3388 -1 | 11.90 7146 -3 | 1246 
3377 — | 11.92 .7089 -3 | 1256 
3367 — 1L94 .7033 — | 1266 
3356 -1 | 11.96 . 6978 — | 1276 
3345 -1 | 11.98 . 6922 -3 | 1287 
.8334 -1 | 12.00 ‚6868 -3 | 1297 
3324 — | 12.02 .6814 — | 1307 
.3313 -! 12. 01 6760 — | 1318 
3302 -! | 12.06 6707 -3 | 1328 
3292 — | 12.08 . 6655 -3 | 1359 
3281 -! | 12.10 . 660: -3 | 1349 
3271 — | 12.12 . 6550 -3 | 1360 
3261 -1 | 12.14 6500 — | 1371 
.3250 — | 12.16 . 6448 — | 1382 
.3240 - | 12.18 .6399 -3 | 1393 
3230 -1 | 12.20 . 6349 — | 1401 
3219 -1 12. 22 . 6299 — | 1415 
3209 — 12. 24 . 6251 -3 1426 


V 
аж 


2. 395766 
2. 395964 
2. 396160 
2. 396355 
2. 396550 


2. 396743 
2. 396935 
2. 397126 
2. 397316 
2. 397505 


2. 397693 
2. 397880 
2. 398066 
2. 398251 
2. 398435 


2. 398618 
2. 398801 
2. 398982 
2. 399162 
2. 399341 


2. 399519 
2. 399697 
2. 399873 
2. 400049 
2. 400223 


2. 400397 
2. 400570 
2. 400741 
2. 400912 
2. 401082 


2. 401252 
2. 401420 
2. 401587 
2. 401754 
2. 401919 


2. 402084 
2. 402248 
2. 402412 
2. 402574 
2. 402735 


2. 402896 
2. 403056 
2. 403215 
2. 403373 
2. 403531 


2. 403687 
2. 403843 
2. 403998 
2. 404152 
2. 404306 


2. 404459 
2. 404610 
2. 404762 
2. 404912 
2. 405062 


2. 405211 
2. 405359 
2. 405506 
2. 405653 
2. 405799 


2. 405044 
2. 406089 
2. 406233 
2. 406376 
2. 406518 


2. 406660 
2. 406801 
2. 406042 
2. 407081 
2. 407220 


2. 407350 
2. 407496 
2. 407633 
2. 407770 
2. 407905 


2. 408040 
2. 408175 
2. 403308 
2. 408441 
2. 408574 


2. 408706 
2. 408837 
2. 408967 
2. 409097 
2. 409226 


2. 409355 
2. 409483 
2. 409611 
2. 409738 
2. 409864 


TABLE II.—SUPERSONIC FLOW —Continued 


y m Ma 
103. 61 5. 465 . 3867 
103. 66 5. 455 . 9867 
103. 71 5. 444 . 8866 
103. 76 5. 434 . 9866 
103. 81 5. 424 . 9866 
103. 86 5. 413 . 9865 
103. 90 5. 403 . 9865 
103. 96 5. 393 . 3865 
104. 01 5. 383 . 9864 
104. 05 5. 373 3864 
104. 10 5. 363 . 9864 
104. 14 5. 353 . 3863 
104. 19 5. 343 . 3863 
104. 24 5. 333 . 3863 
104. 29 5. 323 . 3862 
104. 33 5. 313 . 3862 
104. 38 5. 303 . 3862 
104. 43 5. 293 . 3862 
104 48 5. 283 . 3861 
104. 52 5. 274 . 3861 
104. 57 5. 264 . 3861 
104. 61 5. 254 . 3860 
104. 66 5. 245 . 3860 
104. 71 5. 235 . 3860 
104. 75 5. 225 . 3860 
104. 80 5. 216 . 3859 
104. 85 5. 206 . 3859 
104. 89 5. 197 3859 
104. 93 5. 188 . 3858 
104. 98 5. 178 . 3858 
105. 02 5. 169 . 3858 
105. 06 5. 159 . 3858 
105.11 5.150 . 3857 
105.16 5.141 . 3857 
105. 20 5.132 . 3857 
105. 24 5.123 . 3856 
105. 28 5.113 . 3856 
105. 33 5. 104 . 3856 
105. 37 5. 095 . 9856 
105. 42 5. 086 . 3855 
105. 46 5. 077 . 3855 
105. 50 5. 068 . 3855 
105. 55 5.059 .3855 
105. 59 5. 050 ‚ 3854 
105. 63 5. 041 . 3854 
105. 67 5. 032 . 3854 
105. 71 5. 024 . 3854 
105. 75 5.015 . 3853 
105. 80 5. 006 . 3853 
105. 84 4. 997 ‚ 3853 
105. 88 4. 989 . 3853 
105. 92 4. 980 . 3852 
105. 97 4. 971 . 9852 
106. 01 4. 963 . 9852 
106. 05 4. 954 . 3852 
106. 09 4. 945 . 3851 
106. 13 4. 937 . 3851 
106. 17 4. 928 . 3851 
106. 21 4. 920 . 3851 
106. 25 4. 912 . 3850 
106. 29 4. 903 3850 
106. 33 4. 895 . 3850 
106. 37 ` 4. 886 . 3850 
106. 41 4. 878 3849 
106. 45 4. 870 3849 
106. 49 4. 861 . 3849 
106. 53 4. 853 . 3849 
106. 57 4. 845 . 3848 
106. 61 4. 837 . 3848 
106. 65 4. 829 3848 
106. 69 4. 820 . 3848 
106. 73 4. 812 . 3848 
106. 76 4.804 . 9847 
106. 81 4. 796 . 9847 
106. 84 4. 788 . 9847 
106. 88 4. 780 . 9847 
106. 92 4. 772 . 9846 
106. 95 4. 764 . 9846 
106. 99 4. 756 . 3846 
107. 08 4. 748 3846 
107. 07 4. 741 . 9846 
107. 11 4. 733 . 3845 
107. 14 4. 725 . 3845 
107. 18 4. 717 . 9845 
107. 22 4. 709 . 9845 
107. 26 4. 702 . 9844 
107. 29 4. 694 . 9844 
107. 33 4. 686 3844 
107. 36 4. 679 3544 
107. 41 4. 671 3344 


сл си сл са са 
-1 
мь 
~ 


N 
c 
кы 


эко ўра апа annan nan 
~J 
e 
ж 


man anana лия momo anan бл бл фл фт дл бл фл фл фл дл 
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сю 
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TABLE II.—SUPERSONIC FLOW—Continued 


268292--54----6 


y=7/5 

M p р T q A V 

or — = = B — Я > у и 
Mi Di pt T, Dr Ç аж 
12.30 5857 — 1831 — 3199 -1 12. 26 „6202 -3 1437 2. 409989 107. 44 4. 603 
12.32 5792 -5 1816 -3 3180 -1 12. 28 6154 -3 1448 2. 410115 107. 48 4. 656 
12.34 5729 -5 1802 -3 „8179 сл 12. 30 .6107 23 1460 2. 410239 107. 51 4. 048 
12. 36 .5667 -5 1788 -3 3169 -1 12.32 . 6060 73 1471 2. 410368 107.55 4. 641 
12. 38 ‚5605 “8 1774 73 3159 -1 12.34 . 6013 -3 1482 2. 410486 107. 59 4. 633 
12. 40 5544 -5 1760 — 3149 ст 12.36 . 5967 -3 1494 2. 410609 107. 62 4. 626 
12. 42 5484 -5 1747 — 3140 ~! 12. 38 . 5921 -3 1506 2. 410731 107. 66 4. 618 
12. 44 5424 -5 1733 — 3130 -! 12. 40 „5876 -3 1517 2.410853 107. 69 4.611 
12.46 5365 75 1720 — 3120 -1 12.42 „5881 73 1529 2.410974 107.73 4. 603 
12. 48 5307 — 1706 -3 3110 са 12. 44 5786 -3 1541 2. 411094 107. 77 4. 596 
12. 50 5250 -5 1693 -3 „8101 ~ 12. 46 5742 — 1553 2.411214 107. 80 4. 589 
12. 52 5193 -5 1680 -3 „3091 -1 12. 48 5608 -3 1565 2. 411333 107. 84 4. 581 
12. 54 5137 75 1667 -3 .3082 ri 12. 50 5655 -3 1577 2. 411452 107. 87 4. 574 
12. 56 5082 -5 1654 23 .3072 -1 12. 52 5612 -3 1589 2. 411571 107. 90 `4, 557 
12. 58 5028 -3 1649 -3 3063 -1 12. 54 5570 3 1601 2. 411688 107. 94 4. 559 
12. 60 4073 -5 1629 -3 . 3053 -1 12. 56 5527 -3 1614 2. 411805 107. 98 4, 552 
12. 62 4920 -5 1617 -3 .3044 ~! 12. 58 5486 -3 1626 2. 411922 108. 01 4. 545 
12. 64 4868 -5 1604 -3 . 3085 ri 12. 60 5444 3 1639 2. 412038 108. 05 4. 538 
12. 66 4816 - 1592 -3 .3025 -1 12. 62 5403 — 1651 2. 412154 108. 08 4. 530 
12. 68 4764 -5 1580 -3 „83016 -: 12. 64 5362 -3 1664 2. 412269 108. 12 4. 523 
12. 70 4714 -5 1568 -3 3007 а 12. 66 5322 -3 1676 2. 412383 108. 15 4. 516 
12. 72 4668 -5 1556 73 „2998 -1 12. 68 „5282 -з 1689 2. 412497 108. 18 4. 509 
12. 74 4614 -5 1544 -3 . 2989 -1 12. 70 „5243 -3 1702 2. 412611 108. 22 4. 502 
12.76 4565 -5 1532 — . 2979 -1 12.72 5203 — 1715 2. 412723 108. 25 4. 495 
12.78 4517 5 1521 -3 2070 -1 12. 74 5164 -3 1728 2. 412836 108. 29 4. 488 
12. 80 4469 -5 1500 — „2061 -! 12.76 5126 -3 1741 2. 412948 108. 32 4. 481 
12. 82 4422 -5 1498 -3 „2952 — 12. 78 „5087 73 1754 2. 413059 108.35 4. 474 
12. 84 4376 5 1487 73 2044 -1 12. 80 . 5050 -3 1767 2.413170 108. 39 4.467 
12. 86 4329 -5 1475 -3 . 2935 -1 12. 82 .5012 -8 1781 2. 413280 108. 42 4. 460 
12. 88 4284 -5 1464 -3 „2926 -1 12. 84 4975 -3 1794 2. 413390 108. 45 4. 453 
12. 90 „4239 -5 1453 -3 „2917 -1 12. 86 .4938 - 1807 2, 413500 108. 49 4. 446 
12. 92 4195 -5 1442 -3 „2008 -1 12. 88 .4901 -3 1821 2. 413609 108. 52 4. 439 
12. 94 4151 -5 1432 -3 . 2900 -: 12. 90 4865 -3 1835 2. 413717 108. 55 4, 432 
12. 96 4107 -5 1421 - „2891 -: 12. 92 4829 — 1848 2.413825 108. 59 4. 425 
12. 98 4065 -5 1410 -3 „2882 -1 12.94 4794 -3 1862 2. 413932 108. 62 4. 419 
13.00 4023 -5 1400 —3 . 2874 ~i 12. 96 4759 -3 1876 2. 414039 108. 65 4, 412 
13.02 3981 — 1389 -3 „2565 ~! 12. 98 4723 3 1890 2. 414146 108. 69 4. 405 
13. 04 3939 -5 1379 -3 „2857 71 13.00 .4680 -3 1904 2.414252 108. 72 4. 398 
13. 06 3898 -5 1369 -3 . 2848 — 13.02 .4655 -3 1918 2.414357 108. 75 4. 391 
13. 08 3858 -5 1359 -3 . 2840 -! 13. 04 4620 -3 1933 2. 414462 108. 78 4. 385 
13. 10 3818 -5 1349 -3 „2831 ~i 13. 06 .4586 -3 1947 2. 414567 108. 82 4. 378 
13. 12 3779 -5 1339 -3 „2823 ri 13. 08 ‚4553 -3 1961 2. 414671 108. 85 4. 371 
13. 14 3740 —5 1329 -3 . 2814 -1 13. 10 .4520 -3 1976 2. 414775 108. 88 4. 365 
13. 16 3701 -5 1319 -3 2806 ~i 13. 12 „4487 —3 1990 2, 414878 108. 91 4,858 
13.18 3668 -5 1309 — 2798 ~i 13. 14 .4454 -3 2005 2. 414981 108. 94 4.351 
13.20 3626 —5 1300 ~ „2790 ~! 13.16 4422 -3 2020 2.415083 108. 97 4.345 
13. 22 3580 -5 1290 —š „2781 -1 13.18 4390 -3 2034 2. 415185 109. 01 4, 338 
13. 24 3552 -5 1281 “3 „2714. 71 13.20 4358 -3 2049 2. 415286 109. 04 4.332 
13.26 3516 -5 1271 3 .2765 ri 13. 22 4327 —3 2064 2. 415387 109. 07 4. 325 
13. 28 3480 -5 1202 -3 .2757 71 13. 24 4206 -3 2079 2. 415488 109. 10 4, 319 
13. 30 3444 -5 1253 -3 „2749 -1 13. 26 . 4264 -3 2095 2. 415588 109. 13 4. 312 
13.32 3409 -5 1244 -3 ‚2741 -1 13. 28 .4234 -3 2110 2. 4156876 109. 16 4. 306 
13. 34 3374 -5 1235 -3 2733 -1 13. 30 4203 -3 2125 2. 4157868 109. 20 4. 299 
13.36 3340 -5 1226 3 . 2725 ri 13.32 4173 -3 2141 2. 4158856 109. 23 4, 203 
13.38 3306 -5 1217 3 carr 13. 34 4143 — 2156 2. 4159839 109. 26 4. 286 
13. 40 3278 "5 1208 -3 „2709 -i 13.36 .4113 -3 2172 2.4160818 109. 29 4. 280 
13.42 3240 —5 1199 — „2701 -1 13.38 4084 -3 2188 2. 4161793 109.32 4. 273 
13. 44 3207 -5 1191 -3 . 2694 -1 13.40 4055 -3 2204 2. 4162763 109.35 4. 267 
13.46 3175 7—5 1182 -3 „2686 ri 13.42 .4026 -3 2219 2. 4163730 109. 38 4. 261 
13.48 3143 -5 1174 -3 2678 -1 13. 44 .3997 —3 2236 2. 4164692 109. 41 4. 254 
13. 50 3111 - 1165 73 2670 -~i 13. 46 . 3969 -3 2252 2. 4165650 109. 44 4, 248 
13. 52 3080 -5 1157 -% . 2663 -1 13.48 .3941 — 2268 2. 4166604 109. 47 4. 242 
13. 54 3049 -5 1149 -3 „2655 -1 13. 50 . 3913 -3 2234 2. 4167554 109. 51 4. 235 
13. 56 3019 —5 1140 73 . 2647 ~! 13. 52 .3885 3 2300 2. 4168499 109. 54 4. 229 
13. 58 2958 -5 1132 3 . 2640 ~i 13. 54 3858 -3 2317 2. 4169441 109. 57 4. 223 
13. 60 . 2958 -5 1124 -3 . 2632 ri 13.56 . 3830 -3 2334 2. 4170379 109. 59 4. 217 
13. 62 „2929 -5 1116 -3 „2625 -1 13. 58 „3803 “3 2350 2.4171312 109. 62 4.211 
13.64 . 2900 — 1108 -3 . 2617 -1 13. 60 . 3777 73 2367 2. 4172242 109. 65 4. 204 
13. 66 . 2871 -5 1100 — . 2619 — 13. 62 3750 -3 2384 2. 4173167 109. 69 4. 198 
13. 68 „2842 — 1092 -3 2602 ~i 13. 64 8724 —3 2401 2. 4174089 109. 72 4. 192 
13. 70 2814 -5 1085 -3 2595 4 13. 66 .3697 -3 2418 2. 4175007 109. 75 4. 186 
13. 72 2787 -5 1077 3 2588 -1 13. 68 .3672 -3 2435 2. 4175921 109. 77 4. 180 
13. 74 2750 -5 1069 — . 2580 ~i 13. 70 . 3646 -3 2452 2. 4176831 109. 81 4. 174 
13. 76 2732 m 1062 -3 „2573 ті 13.72 3620 -3 2470 2.4177737 109. 84 4,168 
13.78 2705 -5 1054 - 2566 ~! 13.74 3595 -3 2487 2. 4178639 109. 86 4. 162 
13. 80 2678 -5 1047 73 ‚2558 -1 13. 76 „8570 —3 2505 2. 4179537 109. 89 4.156 
13.82 2652 -5 1040 -3 .2551 -1 13. 78 . 3545 -3 2522 2. 4180432 109. 92 4.150 
13.84 2626 -5 1032 -3 „2544 -1 13. 80 .3521 “3 2540 2. 4181323 109. 95 4. 144 
13. 86 2600 -5 1025 -3 „2537 “і 13. 82 3407 -3 2558 2. 4182210 109. 98 4. 137 
13. 88 2575 8 1018 -3 2530 ~1 13. 84 3472 “3 2576 2. 4183093 110.01 4. 132 
13. 90 2550 -5 1011 -3 „2523 A 13.86 . 3448 -3 2594 2. 4183973 110. 04 4. 126. 
13.92 2525 -5 1004 -3 .2516 -1 13. 88 „8424 -3 2612 2. 4184849 110.07 4. 120 
13. 94 2500 -5 9966 — . 2509 ~i 13. 90 . 3401 -3 2630 2. 4185721 110.09 4. 114 
13.96 2476 -5 9897 — . 2502 -1 13. 92 3377 m 2648 2, 4186590 110. 12 4. 108 
13. 98 2452 -5 9828 — . 2495 -1 13. 94 3354 -3 2667 2. 4187455 110.15 4, 102 
14.00 2428 -5 9760 — . 2488 -1 13. 96 .3331 “3 2685 2. 4188316 110.18 4. 096 
14.02 2404 -5 9692 — . 2481 -1 13. 98 . 3808 — 2704 2. 4189174 110. 21 4. 090 
14. 04 . 2381 -5 . 9625 — „2474 ~i 14.00 „8286 DI 2723 2. 4190028 110. 24 4. 084 
14.06 . 2358 -5 . 9558 -4 „2467 ~i 14.02 .3268 -3 2742 2. 4190879 110. 26 4.079 š 
14.08 .2335 -5 . 9493 — . 2460 -1 14. 04 .3241 -3 2761 2. 4191726 110. 29 4. 073 . 3828 
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TABLE II.—SUPERSONIC FLOW—Continued 


y=7/5 
M 
p p T q A V pz pa 
or pam p. = = — у ке 
М, ри pi T: e "m A, аж ú mi Pı p 
14.10 . 2313 - | .9427 — | .2453 — | 14.06 .3219 —3 2780 2.4192569 | 110.32 4. 067 . 3898 231.8 5. 853 
14. 12 2290 —5 | .9362 — | .2447 -1 | 14.08 3197 -3 2799 2.4193409 | 110.35 4. 061 . 3828 232.4 5. 853 
14.14 2268 — | .9297 — | .2440 ~ | 14.10 3175 —3 2818 2.4194246 | 110.38 4.055 . 3898 233.1 5. 854 
14.16 .2946 -5 | .9233 — | .2433 -1 | 14.13 3153 -3 2838 2.4195079 | 110.41 4. 050 3828 233.8 5.854 
14.18 „2225 -5 | .9170 — 2426 — | 14.15 3132 — 2857 2. 4195909 | 110.44 4. 044 3828 234.4 5. 854 
14. 20 . 2204 -5 | .9108 — | .2420 -1 | 14.17 311 “3 2877 2. 4196735 | 110.46 4. 038 3828 235. 1 5.855 
14. 22 2183 — | .9045 — | .2413 -1 | 14.19 3089 -з 2897 2. 4197558 | 110.49 4. 033 ` 3827 235. 7 5. 855 
14. 24 2162 -5 | „8983 m 2406 -1 | 14.21 .3068 -3 2916 2.4198378 | 110.52 4. 027 . 3827 236.4 5.856 
14. 26 2141 — | .8922 - 2400 — | 14.23 . 3048 —3 2936 2. 4199194 | 110. 54 4. 021 ` 3897 237.1 5.856 
14. 28 2121 — | .8861 — 2303 — | 14.25 .3027 -3 2956 2. 4200007 | 110.57 4.016 ` 3897 237.7 5. 856 
14. 30 2100 -5 | .8800 -4 2887 -1 | 14.27 22006 -3 2977 2.4900816 | 110.60 4. 010 . 3827 238. 4 5.857 
14. 32 . 2080 -5 8740 — 2380 -i 14, 20 . 2986 -3 2997 2. 4201622 | 110.63 4. 004 . 3827 239. 1 5. 857 
14. 34 „2061 — | .8682 — | .2374 — | 1431 . 2967 -3 3017 2. 4202425 | 110.65 3. 999 .3827 239. 7 5. 858 
14. 36 . 2041 - 8623 — | .2367 - | 14.33 . 2946 -3 3038 2. 4203225 | 110.68 3. 993 .3827 240. 4 5. 858 
14. 38 . 2022 -5 8565 -* | .2361 -1 | 14.35 . 2927 -3 3058 2. 4204021 | 110.71 3. 988 3826 241.1 5.858 
14.40 .2003 -5 | .8506 — | .2355 -1 | 14.37 . 2907 -3 3079 2. 4204815 | 110.74 3. 982 . 3826 241.8 5. 859 
14. 42 .1984 — | „8449 — 2348 -! | 14.39 . 2888 -3 3100 2. 4205604 | 110.76 3. 977 . 3826 242. 4 5. 859 
14. 44 .1965 -5 8392 -4 2342 — | 14,41 . 2869 -3 3121 2. 4206391 | 110.79 3. 971 ` 3826 243.1 5.860 
14.46 .1947 — | .8335 — 2335 — | 14.43 . 2849 -3 3142 2.4907175 | 110.81 3. 966 ` 3826 243.8 5. 860 
14. 48 1929 -5 8280 — 2329 -1 | 14.45 . 2830 -3 3163 2. 4207955 | 110.84 3. 960 3826 244. 5 5. 860 
14. 50 1910 — | .82904 — | „2393 ~ | 1447 „9812 -3 3184 2.4208732 | 110.87 3. 955 . 8826 245.1 5. 861 
14. 52 1892 — | „8168 — | .2317 -! | 14.49 „2703 -3 3206 2. 4209506 | 110.90 3. 049 ` 3895 245. 8 5. 861 
14. 54 1875 = | .8114 — | .2310 — | 14.51 . 2774 3 3227 2. 4210277 | 110.92 3. 944 ` 3825 246. 5 5.861 
14. 56 1857 — | .8059 — | .2304 — | 14.53 29756 -3 3249 2. 4211045 | 110.95 3, 938 ` 3825 947.2 5.862 
14. 58 1840 — | .8005 ~ 2208 -1 | 14.55 2737 3 3271 2. 4211810 | 110.97 3. 933 ` 3895 247.8 5. 862 
14. 60 1823 5 7952 — 2202 — | 14.57 2720 3 3292 2. 4212572 | 111.00 3. 927 . 3825 248. 5 5. 863 
14. 62 1806 — | .7899 — 2286 -1 | 14.59 .9702 -3 3314 2.4913330 | 111.03 3. 922 . 3825 249. 2 5. 863 
14. 64 1789 — | ‚7847 — 2280 — | 14.61 2684 -3 3336 2. 4214086 | 111.05 3. 917 . 3825 249. 9 5. 863 
14. 66 21779 => | „7794 — 2274 — | 14.63 2666 — 3359 2. 4214838 | 111.08 3.911 ` 3895 250. 6 5. 864 
14. 68 .1756 — | „7743 — 2268 — | 14.65 2649 — 3381 2. 4215588 | 111.10 3. 906 ` 3825 251.3 5. 864 
14. 70 1739 — | ,7601 — 2262 — | 14.67 .2631 —3 3404 2. 4216335 | 111.13 3. 901 . 3824 251.9 5. 864 
| 14.72 1723 — | .7640 — | „2206 —- | 14 69 . 2614 -3 3426 2. 4217078 | 111.16 3. 895 ` 3894 952. 6 5. 865 
' 14.74 1707 -5 7590 — 2250 -! | 14.71 .2507 -3 3449 2.4917819 | 111.18 3. 890 ` 3824 253.3 5. 865 
14. 76 1692 -5 7540 — 2244 — | 14.73 .9580 -3 3472 2.4218557 | 111.21 3. 885 ` 3924 254.0 5. 865 
14. 78 1676 - 7490 - 2238 — | 14.75 2563 -3 3494 2.4219292 | 111.23 3. 880 . 8824 254. 7 9. 866 
14. 80 1660 — | .7440 —4 2232 -1 | 14.77 2546 3 3518 2. 4220023 | 111.26 3. 874 . 3824 255. 4 5. 866 
14. 82 1645 — | „7892 — 2226 -! | 14.79 2530 -3 3541 2. 4220752 | 111.28 3. 869 ` 3894 256. 1 5. 866 
14. 84 .1630 — | .7343 — | .2220 — | 14.81 2513 3 3564 2. 4221479 | 111.31 3. 864 ` 3894 256. 8 5. 867 
14. 86 .1615 - 7295 — | .2214 — | 14.83 2497 -3 3588 2. 4222202 | 111.34 3. 859 3823 257. 5 5. 867 
14. 88 1600 - 7247 — 2208 — | 14.85 2480 — 3611 2.4222922 | 111.36 3. 853 3823 | 258.2 5. 868 
14.90 | .1586 -5 7199 -* | „2203 — | 14.87 2464 3 3635 2.4223640 | 111.38 3. 848 .3823 | 258.9 5. 868 
14. 92 .1571 = 7153 ~ 2197 -I | 14.89 2449 -3 3659 2, 4224355 | 111.41 3. 843 ` 3893 259. 5 5. 868 
14. 94 1557 — | „706 ~ 2191 - | 14.91 . 2433 3 3683 2. 4225066 | 111.43 3. 838 ` 3823 260. 2 5. 869 
14. 96 1543 — | „7059 ~ 2185 - | 14.93 .2417 -3 3707 2. 4225776 | 111.46 3. 833 . 3823 260. 9 5. 869 
14. 98 1529 — | .7014 — 2180 - | 14.95 . 2401 3 3731 2. 4226482 | 111.48 3. 828 . 3823 261.6 5. 869 
15. 00 .1515 — | .6968 ~ 2174 -1 | 14.97 .2386 -3 3755 2.4227186 | 111.51 3. 823 . 3823 262. 3 5.870 
15. 02 .1501 - | .6923 — 2168 — | 14.99 .2371 B 3779 2. 4227886 | 111.53 3. 817 3823 263. 0 5. 870 
15. 04 1487 — | .6878 — 2163 — | 15.01 . 2355 -3 3804 2. 4228585 | 111.56 3. 812 ` 3899 263.7 5. 870 
15. 06 1474 — | „6838 — 2157 - | 15.03 . 2340 -3 3829 2. 4229280 | ` 111. 59 3. 807 ` 3820 264. 4 5. 871 
15. 08 1461 - | ,6789 — 2151 - | 15.05 . 2325 ~ 3854 2. 4229973 | 111.61 3. 802 ` 3822 965.1 5.871 
15.10 1447 — | „6745 —4 2146 3 | 15.07 2310 — 3879 2.4230663 | 111.63 3. 797 . 3822 265. 9 5.871 
15.12 1434 — | .6702 ~ 2140 —3 | 15.09 „2296 -3 3904 2. 4231350 | 111.66 3. 792 . 3822 266. 6 5. 872 
15. 14 1421 — | .6658 — 2135 | 15.11 .2981 -3 3929 2. 4232035 | 111. 68 3. 787 ‚ 3822 267. 3 5. 872 
15. 16 1400 — | „6615 -i 2129 -1 | 15.13 .2266 -3 3955 2.4932717 | 111.71 3. 782 ` 3822 268. 0 5. 872 
15. 18 1396 -5 6573 -* 2124 — | 15.15 22259 -3 3980 2.4233396 | 111.73 3.777 ` 3822 268. 7 5. 873 
15. 20 .1383 — | .6531 — | .2118 — | 15.17 . 2237 3 4005 2. 4234073 | 111.76 3. 772 . 3822 269. 4 5. 873 
15. 22 .1371 - | „6489 — | .2113 — | 15.19 2293 -3 4032 2. 4234747 | 111.78 3.767 . 3821 270.1 5.873 
15. 24 1359 —5 6447 -4 2107 -1 | 15.21 2209 -3 4057 2. 4235419 | 111.80 3.762 . 3821 270. 8 5. 874 
15. 26 1347 -5 6406 — 2102 -! | 15.23 2195 -3 4083 2.4236088 | 111.83 3.757 ` 3821 271.5 5. 874 
15. 28 1335 -5 6365 -4 2097 — | 15.25 2181 — 4110 2. 4236754 | 111.85 3. 752 ` 3891 272. 2 5. 874 
15. 30 „1828 - | .6325 -4 | „2001 - | 15.27 2167 —3 4135 2. 4237418 | 111.88 3. 748 . 3821 272. 9 5. 875 
15. 32 .1311 -5 6284 — | .2086 — | 15.29 2154 -3 4162 2.4238079 | 111.90 3. 743 . 3821 273.7 5. 875 
15. 34 .1299 -5 6244 -* | .2081 — | 15.31 2140 - 4189 2.4238738 | 111.92 3. 738 . 3891 274. 4 5. 875 
15. 36 .1288 —5 6204 — | .2075 -1 | 15.33 .2127 -3 4215 2. 4239394 | 111.95 3. 733 ` 3821 275.1 5. 876 
15. 38 1276 -5 6165 — | .2070 - | 15.35 . 2113 = 4242 2. 4240048 | 111.97 3. 728 . 3821 275. 8 5. 876 
15. 40 1265 -5 | .6126 -4 2065 —- | 15.37 . 2100 -3 4269 2.4240699 | 112. 00 3. 723 . 3820 276. 5 5. 876 
15. 42 1254 -5 | .6087 — 2060 — | 15.39 . 2087 3 4296 2. 4241348 | 112.02 3. 718 . 3820 277.2 5. 876 
15. 44 1243 -5 | .6049 - | ‚2054 -! | 15.41 . 2074 -3 4323 2. 4241994 | 112.04 3. 714 3820 278. 0 5.877 
15.46 1232 — | .6010 - | .2049 - | 15.43 . 2061 -3 4351 2. 4242638 | 112.06 3. 709 3820 278. 7 5. 877 
15.48 1221 -5 | .5972 — .2044 -1 | 15.45 2048 -3 4378 2. 4243280 | 112.09 3. 704 3820 279.4 5. 877 
15. 50 1210 -: 5935 — | .2089 -! | 15.47 . 2035 -3 4406 2. 4243918 | 112.11 3. 699 3820 280. 1 5. 878 
15. 52 1199 -5 | .5897 — | .2034 - | 15.49 . 2022 -з 4434 2. 4244555 | 112.14 3. 694 . 3820 280. 9 5. 878 
15. 54 1189 -5 | .5861 — | „20299 — | 15.51 . 2010 -3 4462 2. 4245189 | 112.16 3. 690 . 3820 281.6 5. 878 
15. 56 1178 -$ 5824 — | .2023 -! | 15.53 .1997 - 4490 2.4245821 | 112.18 3. 685 . 3820 282.3 5. 879 
15. 58 1168 -5 5787 — | .2018 - | 15.55 1985 -3 4518 2. 4246450 | 112. 20 3. 680 . 3819 283. 0 5. 879 
15. 60 1158 - | .5751 — | .2013 - | 15.57 1972 -3 4546 2.4247077 | 112.23 3. 675 . 8819 283.8 5. 879 
15. 62 1148 -5 | „5715 — | .2008 - | 15.59 .1960 -3 4575 2. 4247702 | 112.25 3.671 . 3819 284. 5 5. 880 
15. 64 1138 -5 | „5679 — | .2003 - | 15.61 .1948 -3 4604 2.4248324 | 112.27 3. 666 . 3819 285. 2 5. S80 
15. 66 1128 -5 | .5643 -4 1998 -І | 15.63 1936 -3 4633 2. 4248944 | 112.30 3. 661 . 3819 285. 9 5. 880 
15. 68 1118 -5 | .5608 - 1993 -1 | 15.65 1924 -3 4662 2.4249562 | 112.32 3. 657 . 9819 286. 7 5. 880 
15. 70 .1108 -5 | .5574 ~ 1988 -i | 15.67 .1912 -3 4690 2. 4250177 | 112.34 3. 652 . 3819 287.4 5. 881 
15. 72 .1099 -5 | .5539 — 1983 -1 | 15. 69 1900 -3 4720 2. 4250790 | 112.37 3. 647 . 3819 288. 1 5. 881 
15. 74 1089 — | .5505 -4 1978 -1 | 15.71 1889 -3 4749 2. 4251401 | 112.39 3. 643 . 3819 288. 9 5. 881 
15. 76 1079 -5 5470 -% 1973 -1 | 15.73 1877 - 4779 2. 4252009 | 112.41 3. 638 . 3819 289. 6 5. 882 
15. 78 1070 -5 5436 — 1968 — | 15.75 1865 -3 4809 2.4252616 | 112.43 3. 633 . 3818 290. 3 5. 882 
15. 80 .1061 -5 | ‚5403 ~ 1964 — | 15.77 1854 -3 4838 2. 4253220 | 112.45 3. 629 . 3818 291.1 5. 882 
15. 82 .1052 -5 | .5369 — 1959 — | 15.79 .1843 -з 4868 2. 4253821 | 112.48 3. 624 . 3818 291.8 5. 883 
15. 84 .1043 -5 | .5336 — 1954 — | 15.81 .1831 - 4899 2.4254421 | 112.50 3. 620 . 3818 292. 6 5. 883. 
15. 86 1034 -5 | .5303 — 1949 -1 | 15.83 .1820 -3 4929 2.4255018 | 112.52 3.615 . 3818 293.3 5. 883 
15.88 1025 -6 | .527] — 1944 3 | 15.85 .1809 -3 4959 2.4255613 | 112.55 3. 610 . 3818 294. 0 5. 883 


49. 86 
49. 98 


. 3352 
. 3332 


. 3076 


EQUATIONS, TABLES, AND CHARTS FOR COMPRESSIBLE FLOW 


TABLE II.—SUPERSONIC FLOW--Continued 


y=7/5 
р р T q A У p° 
p: pt T, 8 p: А, а» " a M: pi 

.1016 -5 .5238 — 1939 -! 15.87 1798 -3 4990 2. 4256206 112. 57 3. 606 . 9818 294.8 
.1007 -5 „5206 -* 1985 ~! 15. 89 1787 3 5020 2. 4250797 112. 59 3. 601 . 3818 295. 5 
. 9986 - 5174 — 1980 -i 15.91 1776 3 5051 2. 4257385 112. 61 3. 597 . 3818 296. 3 
. 9899 -4 . 5142 vi 1925 ri 15. 93 1765 ~ 5082 2. 4257971 112. 63 3. 592 . 3818 297. 0 
. 9815 -6 „5111 се 1920 -! 15.95 1754 3 5113 2. 4258555 112. 66 3. 588 . 3818 297.8 
.9731 ré . 5079 а 1916 ~! 15.97 1744 -3 5145 2. 4259137 112. 68 3. 583 . 3817 298. 5 
.9647 - .5048 ri 1911 -i 15.99 1733 — 5176 2. 4259717 112. 70 3. 579 . 9817 299. 3 
.9565 -8 . 5017 — .1906 ~! 16. 01 1723 “3 5208 2. 4260295 112.72 3. 574 . 3817 300. 0 
. 9484 -8 .4087 ri 1902 -! 16. 08 1712 -3 5239 2. 4260871 112. 74 3. 570 . 8817 300. 7 
„9404 -5 . 4957 — 1897 -: 16. 05 1702 -3 5271 2. 4261444 112. 76 3. 566 . 3817 301: 5 
.9323 ré „4926 -4 1892 -! 16. 07 1602 -3 5304 2. 4262015 112. 79 3. 561 . 3817 302.3 
. 9244 -6 .4897 — 1888 -1 16. 09 . 1681 — 5386 2. 4262585 112. 81 3. 557 . 3817 303. 0 

9165 “8 4867 — 1883 -: 16.11 .1671 73 5369 2. 4263152 112. 83 3. 552 . 3817 303. 8 
. 9089 -5 4838 ~ 1879 —! 16. 13 .1661 3 5401 2. 4263717 112. 85 3. 548 | . 3817 304. 5 
. 9011 -$ 4898 -* 1874 ~! 16.15 1651 -3 5434 2. 4264280 112.87 3. 43 . 3817 305. 3 
.8936 -$ „4719 — 1870 ~! 16.17 ‚1642 — 5466 2. 4264841 112. 89 3. 539 . 3817 306. 0 

8860 -9 „4751 — . 1865 -1 16. 19 1632 3 5499 2. 4265400 112. 91 3. 535 . 3816 306. 8 
«8784 - „4721 vi . 1861 ~! 16.21 1622 -3 5533 2. 4265958 112. 91 3. 530 . 3816 307. 5 
.8712 -6 .4604 -1 1856 -1 16. 23 .1612 -3 5566 2. 4266513 112. 96 3. 526 . 3816 308. 3 

8688 -5 4665 -4 1852 ~i 16. 25 .1608 rè 5600 2. 4267066 112. 98 3. 522 . 3816 309. 0 
.8565 -8 . 4637 73 1847 ~! 16.27 1593 — 5634 2. 4267617 113. 00 3.517 . 3816 309. 8 
. 8494 —6 .4609 -1 1843 ~i 16. 29 1584 -3 5667 2. 4268166 113.02 3. 518 . 3816 310.6 
. 8423 -6 4582 — 1838 ~! 16. 81 1574 -3 5701 2. 4268713 113. 04 3. 509 . 3816 311.3 
‚ 8852 ré 4554 ~ 1834 ~! 16. 33 1565 -3 5735 2. 4209258 113. 06 3. 504 . 3816 312.1 
. 8283 - 4527 - 1830 -i 16. 35 1556 — 5770 2. 4269801 113.08 3. 500 . 3816 312.9 
. 8213 - .4500 ~i 1825 — 16. 37 1546 —š 5804 2. 4270842 113.11 3. 496 . 3816 313. 6 
. 8144 vé „4473 mi 21821 ~l 16. 39 1537 -3 5839 2. 4270881 113. 13 3. 492 . 9816 314.4 
8077 е „4447 mé . 1816 -! 16. 41 1528 — 5874 2. 4271418 113.15 3. 487 . 3815 315.2 
. 8009 75 ‚4420 vi „1812 ~! 16. 43 1519 - 5910 2. 4271954 113.17 3. 483 . 3815 315.9 
.7942 -6 . 4394 ri 1808 -1 16. 45 1510 — 5945 2. 4272487 113. 19 3. 479 . 9815 316.7 
. 7876 -6 .4367 —i 1803 -1 16.47 1501 3 5080 2. 4273019 113. 21 3. 475 . 3815 317.5 
„7811 -$ .434] ri 1799 ~i 16. 49 1499 — 6016 2. 4273548 113. 23 3. 470 . 9815 318.2 
27747 -8 . 4316 ~ 1795 -1 16. 51 1484 -3 6051 2. 4274076 113. 25 3. 466 . 9815 319. 0 
. 7682 —% 4290 ~i 1791 ~! 16. 58 1475 73 6087 2. 4274602 113. 27 3. 462 . 3815 319. 8 

7620 -$ 4965 ~ 1786 -1 16. 55 1466 -3 6123 2. 4275126 113. 29 3. 458 . 8815 320. 6 
.7556 - 4240 — 1782 ~! 16. 57 1457 -3 6160 2. 4275648 113. 31 3. 454 . 9815 321.3 
.7403 -6 „4915 — 1778 7 16. 59 1449 — 6196 2. 4276169 113. 38 3. 449 . 3815 322.1 

7482 -% 4190 ~i 1774 ~“ 16. 61 1440 -3 6233 2. 4276687 113. 35 3. 445 . 9815 322. 9 
„7372 -6 4166 -4 1770 =! 16. 63 1432 -3 6268 2. 4277204 113. 37 3. 441 . 9815 323. 7 
. 7311 -6 4141 - 1765 -1 16. 65 1424 -3 6306 2. 4277119 113. 39 3. 437 „8814 324.4 

7250 а 4117 -4 1761 -! 16. 67 ‚1415 -3 6343 2. 4278232 113. 41 3. 433 . 3814 325.2 

7191 -6 . 4093 ~ 1757 =! 16. 69 „1407 — 6380 2, 4278743 113. 43 3. 429 . 3814 326. 0 
. 7132 - . 4069 ~ 1753 -! 16. 71 1899 -3 6417 2. 4279252 113.45 3.425 . 3814 326. 8 
. 7074 mé .4045 ri 1749 ~! 16. 73 „1391 ~= 6455 2. 4279760 113.47 3.421 . 3814 327.6 
.4016 - .4021 - 1745 ~! 16. 75 1383 -3 6493 2. 4280266 113.49 3.417 . 3814 328. 3 

6959 -$ . 3998 A 1741 ~ 16. 77 1875 mè 6531 2. 4280770 113. 51 3. 413 . 8814 329. 1 
. 6902 -8 .3974 — 1737 ~! 16. 79 1367 -3 6570 2. 4281272 113. 53 3. 408 „3814 329. 9 
„6846 -9 „8951 - 1733 ~! 16. 81 1359 -3 6607 2. 4281772 113. 55 3. 404 . 9814 330. 7 
. 6790 -5 . 3928 — 1729 ~! 16. 88 1851 -3 6647 2. 4282271 113. 57 3. 400 . 9814 331. 5 
.6785 -9 3005 ~i 1725 ~ 16. 85 1343 -? 6685 2. 4282768 113. 59 3. 396 . 3814 332. 3 

6680 -5 . 3888 —4 .172] -1 16.87 1336 — 6724 2. 4283264 113. 61 3. 392 . 3814 333.1 

6626 -5 .3860 ~ .1717 ~! 16. 89 1328 -3 6763 2. 4283757 113. 63 3. 388 . 3813 333. 8 

6572 -% . 3838 — 1713 - 16. 91 1320 “3 6802 2. 4284249 113. 65 3.384 . 3813 334. 6 

6520 —6 „3816 74 1709 -! 16. 93 .1313 — 6841 2. 4284739 113. 67 3. 380 . 8813 335. 4 

6467 -3 . 3794 -3 1705 ~ 16. 95 1305 = 6881 2. 4285228 113. 69 3.87 . 3813 336.2 
. 6415 - 3772 DI 1701 — 16. 97 1298 -3 6920 2. 4285714 113.71 3.372 ‚8818 337.0 
. 6364 -$ 3750 а“ 1697 — 16. 99 1290 -8 6960 2. 4286199 118. 73 3. 368 . 3813 337. 8 
„6311 -$ .3728 “4 1693 -1 17.01 1283 3 7001 2. 4286683 113.75 3. 364 . 3813 338. 6 
. 6261 -6 «3707 -4 1689 ~! 17. 03 1276 ~ 7042 2. 4287164 113.77 3. 360 . 3813 339. 4 
„6211 -6 . 3686 “4 1685 -1 17.05 1268 — 7081 2. 4287645 113. 79 3. 356 ‚8818 340.2 

6161 ~ „8665 ri „1681 ~? 17. 07 1261 -3 7122 2. 4288123 113. 81 3. 353 . 3813 341.0 
. 6111 = .3644 — 1677 т 17. 09 1254 -3 7163 2. 4288600 113. 83 3. 349 . 3813 341.8 
. 6068 -6 . 3623 - 1674 -1 17.11 1247 7 7204 2. 4289075 113. 85 3.345 . 3813 342. 6 
. 6014 - . 3602 — 1670 ~ 17.13 1240 3 7246 2. 4289548 113. 87 3. 341 . 3818 343.4 

5966 -9 . 3581 ri 1666 -! 17.15 1233 -3 7287 2. 4290020 113. 88 3. 337 . 3812 344.2 
. 5918 -8 . 8561 “а 1662 ~! 17.17 1226 -3 7829 2. 4290490 113. 90 3. 333 . 3812 345.0 
. 5871 -% .3541 — 1658 -i 17.19 1219 -3 7371 2. 4290959 113. 92 3. 329 . 3812 345. 8 

5824 -8 3520 — .1654 -1 17.21 1212 -3 7413 2. 4291426 113. 94 3. 325 . 9812 346. 6 

5779 -6 „83501 “а .1651 ~ 17. 23 1205 -% 7454 2. 4291891 113. 96 3. 321 . 9812 347.4 

5732 -8 „3481 ^ .1647 ~! 17.25 1198 -3 7497 2. 4292355 113. 98 3.318 . 3812 348.2 
. 5687 -6 . 3461 7“ ‚ 1643 -! 17.27 1192 -3 7539 2. 4292818 114. 00 3. 314 . 3812 349. 0 

5642 ré „3441 — 1639 ~! 17.29 1185 3 7583 2. 4293278 114. 91 3.310 . 3812 349. 8 

5597 -6 3422 — 1636 ~! 17.31 1178 -3 7626 2. 4293737 114. 03 3. 306 . 3812 350. 6 

5553 е 3403 — 1632 -1 17.33 1171 — 7669 2. 4204195 114. 05 3. 302 . 3812 351.4 

5509 -9 3383 — 1628 -1 17.35 1165 -? 7713 2. 4294651 114. 07 3. 299 „4812 352. 2 
„5465 -9 . 3364 ~ 1625 -1 17. 37 1158 -3 7757 2. 4295105 114. 09 3. 295 . 3812 353.1 
.5423 -8 .3346 ^ 1621 -1 17. 39 1152 — 7799 2. 4295558 114. 11 3. 291 . 3812 358.9 
. 5880 ré .3326 ri .1617 — 17.41 1145 —3 7844 2. 4296010 114.13 3. 287 „8811 354.7 
„5338 -8 3308 а . 1614 -1 17.43 1189 — 7888 2. 4296460 114.15 3. 283 . 3811 355. 5 
.5295 -6 3289 — . 1610 ~! 17.45 1133 -3 7983 2. 4206908 114. 16 3. 280 . 3811 356. 3 
.5254 - .3271 74 .1606 -! 17.47 1126 -3 7977 2. 4297355 114.18 3. 276 . 3811 357.1 
.5213 -6 . 3252 — .1603 -1 17.49 1120 - 8022 2. 4297800 114. 20 3, 272 . 9811 357.9 
.5172 -8 .3234 — 1599 -! 17.51 1114 -3 8067 2. 4298244 114.22 3. 268 . 3811 358. 8 
.5131 -8 .3216 -4 1596 ~! 17. 53 1108 3 8113 2, 4298686 114. 24 3. 265 . 8811 359. 6 
. 5092 -6 3198 ri 1592 — 17. 55 1102 -3 8157 2. 4299127 114. 26 3. 261 . 9811 360. 4 
.5052 - 3180 — 1589 ~! 17.57 1095 -3 8203 2. 4299566 114. 27 3. 257 . 3811 361. 2 
. 5013 6 3168 -4 1585 ~! 17. 59 1090 -3 8248 2. 4300004 114. 29 3. 254 . 3811 362. 0 
.4973 -9 3145 -4 1581 -1 17. 61 1083 — 8295 2. 4300441 114. 31 3. 250 . 8811 362. 9 
„4935 -6 3128 — 1578 ~! 17. 63 .1077 73 8341 2. 4300876 114: 33 3. 246 . 3811 363.7 
.4897 —6 3110 — 1574 ~! 17. 65 .1071 3 8387 2. 4301309 114. 35 8. 242 . 9811 364. 5 
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TABLE II.—SUPERSONIC FLOW-—Continued 


Uy 


— 


а» 


2. 4301741 
2. 4302172 
2. 4302601 
2. 4303029 
2. 4303155 


2. 4303880 
2. 4304301 
2. 4304726 
2. 4305147 
2. 4305566 


2. 4305984 
2. 4306401 
2. 4306816 
2. 4307230 
2. 4307642 


. 4308053 
. 4808463 
. 4308872 
. 4309279 
. 4309685 


. 4310089 
. 4310492 
. 4310894 
. 4311295 
. 4311694 


. 4312092 
. 4312488 
. 4312884 
. 4313278 
‚ 4313671 


bo tŠ bo ко КО 


bho М bo 


. 4314062 
. 4314452 
2. 4314841 
2. 4315229 
2. 4315616 


2. 4316001 
2. 4316385 
2. 4316768 
2. 4317149 
2. 4317530 


2. 4317909 
2. 4318287 
2. 4318664 
2. 4319039 
2. 4319413 


2. 4319787 
2. 4320159 
2. 4320529 
2. 4320899 
2. 4321267 


CN КК bo bo bo 


2. 4321635 
2. 4322001 
2. 4322366 
2. 4322729 
2. 4323092 


2. 4323454 
2. 4323814 
2. 4324173 
2. 4324531 
2. 4324888 


2. 4325244 
2. 4325599 
2. 4325953 
2. 4326305 
2. 4326657 


2. 4327007 
2. 4327356 
2. 4327705 
2. 4328052 
2. 4328398 


2. 4328743 
2. 4329087 
2. 4329430 
2. 4329771 
2. 4330112 


2, 4330452 
2. 4330790 
2. 4331128 
2. 4331464 
2. 4331800 


2. 4332135 
2. 4332468 
2. 4332800 
2. 4333132 
2. 4333462 


2. 4333792 
2. 4334120 
2. 4334447 
2. 4334774 
2. 4335099 
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EQUATIONS, TABLES, AND CHARTS FOR COMPRESSIBLE FLOW 


TABLE II.—SUPERSONIC FLOW —Continued 


y=7/5 
T q A V pa рг Т; Dt, pi 
= — p как v M ES LI p NS E 
T, B Dt Ax аж | a : Di pi Ti Di, Dt, 
.1298 -1 19. 47 .6630 - | 1357 +1 2. 4335424 | 115.83 2. 940 . 3805 443. 5 5. 922 74. 88 . 1221 — | .2041 
. 1295 ~ 19. 49 . 6595 — | 1365 + 2. 4335747 | 115.85 2. 937 . 3805 444. 4 5. 922 75.03 | „1214 — | .2036 
.1293 -1 19. 51 „6563 — | 1371 +! 2. 4336070 | 115. 86 2. 934 . 3805 445.3 5. 922 75. 19 .1908 -3 | .2032 
.1290 ~ 19. 53 .6530 — | 1378 +! 2. 4336391 | 115.88 2. 931 . 3805 446.2 5. 923 75. 34 . 1202 -3 . 2028 
.1987 — 19. 55 .6497 — | 1385 +! 2.4336712 | 115.89 2. 928 . 3805 447.1 5. 923 75. 49 . 1196 -3 . 2024 
. 1285 — 19.57 . 6464 — | 1392 +! 2. 4337031 | 115.91 2. 925 . 3805 448. 0 5. 923 75. 64 .1190 -3 | .2020 
.1282 -1 19. 59 . 6432 — | 1399 + 2. 4337350 | 115.92 2. 922 . 3805 448. 9 5. 923 75. 80 . 1184 — | „2016 
. 1280 ~! 19. 61 . 6401 — | 1406 +1 2.4337667 | 115.94 2. 919 . 3805 449. 9 5. 923 75. 95 . 1178 — | „2012 
‚1977 + 19.63 „6369 — | 1413 + 2. 4337984 | 115.95 2. 916 . 3805 450.8 5. 923 76. 10 „1178 -3 | .2008 
.1275 — 19.65 .6336 — | 1420 + 2. 4338300 | 115.97 2. 913 . 3805 451.7 5. 924 76. 25 1167 — | .2003 
.1272 - | 19.67 . 6306 — | 1427 + 2.4338615 | 115.98 2.910 . 3805 452. 6 5. 924 76. 41 „1161 -3 . 2000 
. 1269 -і 19. 69 . 6274 — | 1435 + 2. 4338928 | 116.00 2. 907 . 3805 453. 5 5. 924 76. 56 „1155 -3 | ‚1995 
. 1267 — 19. 72 „6243 — | 1442 +! 2. 4339241 | 116,01 2. 904 ‚ 3805 454. 5 5. 924 76. 71 „1149 — | .1991 
. 1264 - 19. 74 .6213 - | 1449 +1 2. 4339553 | 116.03 2. 901 . 3804 455. 4 5. 924 76. 87 . 1144 -3 | .1988 
.1262 -1 19. 76 .6180 — | 1456 +! 2.4339864 | 116.04 2. 808 . 3804 456. З 5. 924 77.02 . 1138 — | .1983 
.1259 — 19. 78 „6150 — | 1464 +! 2.4340174 | 116.05 2. 895 . 3804 457.2 5. 924 77.17 .1132 — | .1979 
. 1257 ~ 19. 80 „6120 — | 1471 +! 2.4340483 | 116.07 . 2.892 . 3804 458. 1 5. 925 77.33 „1127 — | .197 
„1254 ~ 19. 82 . 6090 — | 1478 +! 2. 4340792 | 116.08 2. 889 . 3804 459. 1 5. 925 77.48 „1121 — | .1971 
.1252 -1 19. 84 .6059 - | 1486 +! 2.4341099 | 116.10 2. 885 .3804 | 460.0 5. 925 77. 64 . 1116 — | .1967 
„1249 -1 19. 86 .6029 — | 1493 + 2. 4341405 | 116.11 2. 883 . 3804 460. 9 5. 925 77. 79 „1110 -š | .1963 
.1247 — 19. 88 . 6001 - | 1500 + 2. 4841711 | 116.13 2. 880 . 3804 461. 9 5. 925 77.95 .1105 — . 1969 
. 1244 ~ 19. 90 . 5971 — | 1508 + 2. 4342015 | 116.14 2, 878 . 3804 462. 8 5. 925 78. 10 . 1099 -з . 1956 
‚1249 = 19. 92 . 5941 - | 1515 +! 2. 4342319 | 116.15 2. 875 . 3804 463.7 5. 926 78. 26 . 1094 -3 .1952 ` 
.1249 — 19. 94 . 5913 — | 1523 +i 2. 4342622 | 116.17 2. 872 . 3804 464. 6 5. 926 78. 41 . 1088 -3 . 1948 
‚1287 “L 19. 96 . 5883 — | 1539 +! 2. 4342924 | 116.18 2. 869 . 3801 465. 6 5. 926 78. 57 . 1083 -3 | .1944 
.1235 ~ 19. 98 .5855 — | 1538 +I 2.4343225 | 116.20 2. 866 . 9804 466. 5 5. 926 78. 72 . 1078 -3 | „1940 
11 20. 18 .5574 — | 1615 +! 2. 4346186 | 116. 34 2. 838 . 3803 475. 9 5. 927 80. 29 .1026 — | .1902 
. 1187 ~ 29. 38 . 5311 — | 1695 +! 2. 4349062 | 116. 47 2. 810 . 3803 485. 4 5. 929 81. 86 . 9778 — | .1865 
.1165 ~ 21). 58 . 5062 —4 | 1779 +! 2. 4351855 | 116. 61 2. 782 . 3802 494. 9 5. 930 83. 46 . 9319 — „1829 
. 1143 -1 20. 78 . 4827 — | 1866 +! 2. 4354569 | 116. 74 2. 756 ‚ 3802 504. 6 5. 932 85. 07 .8887 — | .1794 
„1121 ~t 20. 98 „4606 — | 1956 +! 2.4357207 | 116.87 2. 729 . 3802 514.3 5. 933 86. 69 . 8478 — „1760 
„1100 = 21. 18 . 4396 — | 2049 +i 2. 4359772 | 117.00 2. 704 . 3801 524. 2 5. 934 88. 34 „8091 — . 1727 
. 1089 ~ 21. 38 . 4197 — | 2147 + 2. 4362265 | 117.12 2. 678 . 3801 534.1 5. 935 89. 99 „7725 -— | „1695 
.1069 - 21. 58 4009 — | 2248 +! 2. 4364690 | 117.24 2. 654 . 8800 544.2 5. 936 91. 66 .7380 - | .1663 
„1041 ~ 21. 78 . 3830 — | 2353 +I 2. 4367050 | 117.36 2. 629 . 3809 554.3 5. 938 98.35 .7052 — | .1633 
. 1023 ~ 21.98 .3662 — | 2461 + 2. 4369346 | 117. 48 2. 605 . 3800 564. 5 5. 939 95. 05 „6742 — | .1604 
. 1004 -! 22. 18 .3502 — | 2574 + 2. 4371581 | 117. 69 2. 582 . 3799 574. 8 5. 940 96. 77 . 6447 а . 1575 
‚ 9867 -? 22. 38 .3351 — | 2690 +1 2. 4373757 | 117.71 2. 559 . 3799 585.2 5. 941 98. 51 . 6168 -4 . 1547 
.9694 -2 | 22.58 .3207 — | 2811 + 2. 4375876 | 17.82 2. 536 . 3799 595.7 5. 942 100.3 . 5904 - | ‚1520 
.9527 3 22. 78 23271 - | 2936 + 2, 4377940 | 117.93 2. 514 . 3798 606. 3 5. 943 102. 0 „0658 -4 . 1493 
.9363 -? | 22.98 „2041 -* | 3965 +! 2.4379951 | 118.04 2. 492 3798 617.0 5. 944 103. 8 „5414 — | .1467 
. 9204 -2 23. 18 ‚ 2818 — | 3199 + 2. 4381911 | 118.15 2. 470 3798 627. 8 5. 945 105. 6 . 5188 ~4 ‚ 1442 
.9049 -2 | 23.38 ‚2701 — | 3338 + 2. 4383821 | 118.25 2. 449 3797 638.7 5. 946 107. 4 „4972 — | ‚1418 
. 8897 —2 | 23.58 ‚2590 — | 3481 +! 2. 4385683 | 118. 36 2. 429 3797 649. 6 5. 947 109.2 . 4768 -4 . 1394 
.8750 -2 23. 78 „9485 — | 3639) +! 2. 4337499 | 118.46 2. 408 3797 669. 7 5. 948 111.1 „4578 4 . 1370 
. 8606 -2 93. 98 . 2384 — | 3783 +1 2. 4389270 | 118. 56 2. 388 3796 671.8 5. 948 112.9 . 4388 -4 ‚ 1348 
. 8465 ~ 24. 18 . 2288 — | 3942 +i 2. 4390998 | 118. 65 2. 368 3796 683. 1 5. 949 114.8 „4211 ~ . 1325 
. 8328 —2 24. 33 . 2197 — | 4106 +! 2. 4392683 | 118.75 2. 349 3796 694. 4 5. 950 116.7 . 4044 — . 1304 
. 8195 - 24. 58 . 2110 - | 4275 + 2. 4394328 | 118.85 2. 339 3796 705. 9 5. 951 118. 6 . 3884 га . 1288 
8064 — | 24.78 .2227 — | 4450 +! 2. 4395934 | 118. 94 2.311 3795 717.4 5. 952 120. 5 .3731 — | .1262 
.7937 — | 24.98 1948 — | 4631 + 2. 4397502 | 119. 03 2. 292 3795 729. 0 5. 952 122. 5 . 3586 — | .1242 
„7812 == | 25.18 1873 — | 4817 +t 2. 4399033 | 119.12 2. 274 . 8795 740. 7 5. 953 124.4 . 3447 — | .1222 
7699 — 25. 33 1801 — | 5099 + 2, 4400528 | 119.21 2. 256 . 3795 752.5 5. 954 120. 4 „3315 -* | ‚1903 
7572 — 25. 58 1733 — | 5208 +i 2. 4491988 | 119.39 2. 239 3794 764. 4 5. 955 128. 4 . 3189 - | ‚1184 
.7456 2 | 25.78 1667 — | 5412 +! 2. 4493415 | 119.38 2.291 3794 776.4 5. 355 139.4 .3069 — | .1166 
.7342 — 925. 98 1605 — | 5624 +I 2. 4404809 | 119.47 2. 294 . 3794 788. 5 5. 956 132. 4 „2953 — | .1148 
.7231 3 26. 18 1545 — | 5841 +1 2. 4496172 | 119. 55 2. 187 3794 800.7 5. 957 134.4 . 2844 геј .1131 
.7124 ~ 26. 38 1488 -4 | 6066 +! 2.4407504 | 119.63 2.171 3794 813.0 5.957 136. 5 ‚2739 | . 1114 
„7017 “2 26. 58 1434 — | 6297 +! 2. 4498896 | 119.71 2. 154 . 3793 825.3 5. 958 138. 5 . 2638 — | .1097 
. 6913 -? | 26.78 1381 -4 | 6535 +1 2. 4410080 | 119.79 2. 138 3793 837.8 5. 959 140. 6 .2542 — | „1081 
.6812 -? | 26.98 1331 — | 6781 +! 2.4411325 | 119.87 2. 123 3793 850.3 5. 959 142. 7 .2450 -4 . 1065 
. 6713 — 27.18 1284 — | 7033 + 2. 4412544 | 119.95 2. 107 3793 863. 0 5. 960 144. 8 2362 -+ | .1049 
6616 - 27. 38 1238 — | 7294 +1 2. 4413736 | 192.03 2. 092 3793 875.7 5. 969 146. 9 .2278 — | .1034 
6521 -з 27. 58 1194 — | 7562 + 2. 4414902 | 120.10 2. 076 3792 888. 6 5. 961 149.1 „2197 -4 . 1019 
6428 3 27. 78 1152 = | 7837 + 2. 4416043 | 129.18 2. 061 . 3792 901. 5 5. 961 151.2 . 212) ^ . 1095 
6337 -2 | 27.98 ‚1112 — | 8121 + 2. 4417160 | 120.25 2. 047 . 3792 914. 5 5. 962 153.4 .2046 -* | ‚9902 
6248 -2 28.18 . 1073 — | 8413 +! 2.4418254 | 120.32 2. 032 . 3792 927. 6 5. 963 155.6 . 1975 - | .9762 
6161 -2 | 28.38 .1036 -4 | 8713 ti 2.4419325 | 120.39 2. 018 3792 940. 8 5. 963 157.8 „1907 — | .9626 
6076 -? | 28.58 .1001 — | 9022 + 2.4420373 | 120.46 2. 034 3792 954. 1 5. 964 160. 0 . 1842 — | .9491 
5992 -? | 28.78 .9669 — | 9340 + 2.4421400 | 120.53 1. 990 3791 967. 5 5. 964 162. 2 .1779 -* | ‚9362 
5910 — | 28.98 . 9343 — | 9666 +! 2. 4422406 | 120.60 1. 976 . 3791 981.0 5. 965 164. 5 . 1719 ~t | .9232 
583) — | 29.18 .9930 — | 1009 +2 2. 4423391 | 120.67 1. 963 . 3791 994. 6 5. 965 166.7 .1662 — | .9108 
5751 -2 | 29.38 .8733 —5 | 1035 +2 2. 4424356 | 129.73 1. 949 3791 | 1098 5. 966 169. 0 .1606 -4 . 8983 
5674 -? | 29.58 .8440 — | 1070 + 2.4425302 | 190.82 1. 936 3791 | 1022 5. 966 171.3 ‚1553 — | .8860 
5599 -2 | 29.78 . 8164 — | 1107 + 2. 4426230 | 120.86 1. 923 3791 | 1036 5. 966 173. 6 .1502 7 . 8743 
5525 — | 29.98 .7897 — | 1144 +2 2. 4427138 | 120.93 1. 910 3790 | 1050 5. 967 175.9 . 1453 ^ . 8626 
5452 - 3). 18 27641 — | 1182 +2 2. 4428029 | 120. 99 1. 898 3790 | 1064 -5. 967 178. 3 . 1406 ^ . 8512 
5381 —2 | 39.38 .7395 — | 1222 +2 2. 4428902 | 121.05 1. 885 3790 | 1078 5. 968 180. 6 „1361 — . 8400 
5312 - 32. 58 „7158 - | 1262 +2 2.4429759 | 121.11 1. 873 3790 | 1092 5. 908 183. 0 .1317 - | .8292 
5243 — | 39.78 . 6931 — | 1304 +2 2. 4439599 | 121.17 1. 861 3790 | 1107 5. 969 185.4 „1273 = . 8185 
5176 3 | 39.98 „6711 —5 ; 1346 +2 2.4431423 | 121.23 1. 849 .3790 | 1121 5. 969 187.8 .1285 — | „8079 
5110 72 | 31.18 .650) — | 1390 +2 2.4432231 | 121.29 1. 837 .3790 | 1136 5.969 | 190.2 .1196 — | 7976. 
. 5046 -3 | 31.38 .6297 — | 1435 + 2. 4433023 | 121.35 1. 825 . 3789 | 1150 |. 56.970 | 192.7 .1159 -4 | .7874 
.4982 -2 | 31.58 „6102 — | 1481 +2 2.4433801 | 121.41 1. 813 23789 | 1165 | 5.970 195.1 ‚112383 — | .7775 
. 4929 — | 31.78 . 5914 — | 1528 +2 2. 4434564 | 121.46 1.802 . 3789 | 1180 | 5.971 | 197.6 . 1088 — . 7677 
. 4859 -2 | 31.98 . 5733 — | 1576 +2 2. 4435314 | 121. 52 1. 791 .3789 1195 ' 5.971 ` 200.1 .1055 — | .7583 
.4799 —2 | 32.18 .5558 -5 | 1626 +2 2. 4436049 | 121.57 1. 780 . 3789 | 1210 5.971 : 202.6 .1023 — | .7488 
.4740 — | 32.38 .5389 -5 | 1677 +2 2.4436770 | 121.63 1.769 . 3789 | 1225 ‚ 5.972 , 205.1 .9916 — | .7390 
. 4683 —2 | 32.58 .5227 - | 1729 + 2. 4437479 | 121.68 1.758 .3789 | 1249 | 5.972 ; 207.6 .9618 — | .7305 
. 4626 -2 | 32.78 ‚5071 — | 1782 +2 2. 4438175 | 121.7 1.747 3789 | 1255 | 5.972 | 210.1 . 9330 — | .7217 
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TABLE II.—SUPERSONIC FLOW —Continued 


у=7/5 
| | | 
p p T q A V pi p2 T» 
Ё най Дада LS A: kiye NET " 1. pe лім = 
p: pt T, 8 Di A. | а, а as Di pi Ti 
6454 — 1412 5 4570 2 32.98 4920 -5 | 1837 +2 | 2. 4438858 | 121.79 1. 737 .9789 | 1270 5. 973 212.7 
6188 -8 1370 - 4516 -2 | 33.18 4774 -5 | 1893 +2 | 2.4439529 | 121.84 | 1.726 . 3788 | 1286 5. 973 215.3 
5935 -% 1330 - 4462 2 | 33.39 4634 - 1950 +2 | 2.4440188 | 121.89 1. 716 . 3788 | 1301 5. 973 217.9 
5692 -? 1291 - 4409 -? | 33.59 4499 -5 | 2009 +? 2.4440835 | 121.94 1. 706 23788 | 1317 5. 974 220. 5 
5462 -8 1253 — 4358 —2 | 33.79 4368 — | 2069 +2 | 2.4441471 | 121.99 1. 695 .9788 | 1333 5.974 223.1 
5242 -8 1217 4307 -? | 33.99 4242 — | 2131 +2 | 2.4442005 | 122.04 1. 685 .9788 | 1349 5.974 225.7 
5032 28 1182 - 4257 -? | 34.19 4120 -5 | 2194 +2 | 2.4442709 | 122.09 1. 676 . 3788 | 1364 | 5. 975 228. 4 
4832 -% 1148 — 4208 — | 34.39 4002 - | 2259 +2 | 2. 4443312 | 122.14 1. 666 . 3788 | 1380 5. 975 231.0 
4640 -8 1116 — 4159 -2 | 34.59 3889 — | 2325 +2 | 9, 4443905 | 122.19 1. 656 .3788 | 1397 5.975 233. 7 
4457 28 1084 -5 412 -? | 34.79 3779 - | 2392 +2 | 2.4444488 | 122.24 1. 647 .9788 | 1413 5. 975 236.4 
4283 — 1054 - 4065 2 | 34.99 3672 -5 | 2462 +2 | 2.4445060 | 122.28 1. 637 .9788 | 1499 5. 976 239.1 
4116 -$ 1024 - 4019 2 | 35.19 3570 -5 | 2532 +2 | 2,4445623 | 122.33 1. 628 . 3787 | 1445 5.976 241.9 
3957 -% 9956 -$ 3974 -? | 35.39 3471 -5 | 2605 +2 2. 4446177 | 122.37 1. 619 . 3787 | 1462 5. 976 244. 6 
3804 — 9680 -6 3930 -2 | 35.59 3375 -5 | 2679 + 2. 4446721 | 122.42 1. 610 . 3787 | 1478 5. 976 247. 4 
3658 -8 0414 - 3886 -? | 35.79 3282 -5 | 2754 +2 | 2.4447256 | 122.47 1. 601 .8787 | 1495 5.977 250. 2 
3519 -8 9156 -9 3843 — | 35.99 3192 — | 2832 +2 | 2.4447783 | 122.51 1. 592 .9787 | 1512 5.977 | 252.9 
3386 -8 8907 -6 3801 — 36.19 3106 -5 | 2911 +2 | 2 448300 | 122. 55 1. 583 . 3787 | 1529 5. 977 255. 8 
3258 28 8666 -6 3760 -2 | 36.39 3022 -5 | 2992 +2 | 24448810 | 122.60 1. 574 . 3787 | 1546 5. 977 258. 6 
3136 -8 8433 — 3719 -? | 36.59 2941 -5 | 3075 +2 | 2.4449311 | 122.64 1. 566 .9787 | 1563 5. 978 261. 4 
3019 -5 8207 -8 3679 -? | 36.79 2862 -5 | 3159 +2 | 9. 4449803 | 122.68 1. 557 . 3787 | 1580 5. 978 264. 3 
2907 -$ 7988 -6 3639 — | 36.99 2786 — |: 3246 +2 | 24450288 | 122.72 1. 549 . 3787 | 1597 5. 978 267.1 
2800 -8 7777 = 3600 -? | 37.19 2712 — | 3334 *? | 2.4450765 | 122.77 1. 540 .9787 | 1614 5.978 | 270.0 
2697 -% 7572 G 3562 -? | 37.39 2641 — | 3424 +2 | 24451235 | 122.81 1. 532 . 3787 | 1632 5.979.| 272.9 
2508 -% 7373 6 3524 — | 37.59 2572 -5 | 3516 +? | 2.4451697 | 122.85 1. 524 .9787 | 1649 5.979 275.8 
2504 -% 7181 ~6 3487 -2 | 37.79 2504 — | 3611 +2 | 2.4452152 | 122.89 1. 516 .9786 | 1667 5. 979 278.8 
2414 - 6995 —6 3451 — | 37.99 2440 — | 3706 +? 2.4452599 | 122.93 1. 508 .9786 | 1685 5. 979 281.7 
2327 -3 6814 -6 3415 2 | 38.19 2377 -5 | 3805 +2 2. 4453040 | 122.97 1. 500 23786 | 1702 5. 980 284.7 
2244 -8 6639 -5 3379 —2 | 38.39 2316 - | 3905 +2 2. 4453474 | 123.00 1. 492 . 3786 | 1790 5. 980 287.7 
2164 -3 6469 -5 3345 — | 38.59 2257 — | 4007 +2 | 2. 4453901 | 123. 04 1. 485 . 3786 | 1738 5. 980 290.7 
2087 -3 6395 —6 3310 —2 | 38.79 2199 — | 4112 +2 | 24454321 | 123.08 1. 477 . 3786 | 1756 5980.1 293.7 
2013 -8 6145 - 3277 —2 | 38.99 2144 — 4219 *? | 2.4454735 | 123.12 1. 469 . 3786 | 1774 5. 980 296. 7 
1943 -8 5991 -6 3243 -? | 39.19 2090 — | 4327 +2 | 2.4455143 | 123.16 1. 462 .9786 | 1793 5. 081 299. 7 
1875 -3 5841 -5 3211 -? | 39.39 2038 -5 | 4438 +2 | 2.4455545 | 123.19 1. 454 .9786 | 1811 5. 981 302. 8 
1810 -* 5695 —6 3178 — | 39.59 1987 — | 4552 +2 | 24455940 | 123.23 1. 447 . 3786 | 1829 5. 981 305. 9 
1748 — 5554 -5 3147 — | 39.79 1938 — | 4667 +2 | 24456330 | 123.27 1. 440 . 3786 | 1848 5. 981 309. 0 
1688 — 5417 - 3115 -? | 39.99 1890 -5 4785 +2 | 9 4456714 | 123.30 1. 433 . 3786 | 1867 5. 981 312.1 
1630 -8 5284 - 3084 -? | 40.19 1844 — | 4906 +2 | 24457092 | 123. 34 1. 425 . 3786 | 1885 5. 982 315.2 
1574 -8 5155 -% 3054 -? | 40.39 1799 — | 5028 + | 2.4457464 | 123.37 ]. 418 .3786 | 1904 5. 982 318.3. 
1521 -8 5029 -6 3024 - 40. 59 1755 — | 5154 +? | 24457831 | 123.41 1. 411 . 3786 | 1923 5. 982 321.5 
1470 -% 4908 — 2995 -? | 40.79 1713 — | 5281 +2 | 2 4458193 | 123.44 1. 404 .9785 | 1942 5. 982 324. 6 
1420 28 4789 -5 2966 2 | 40.99 1671 - 5412 +2 | 9 4458549 | 123.48 1. 398 .9785 | 1961 5. 982 327.8 
1373 -3 4675 - 2937 — | 41.19 1631 “3 5544 +2 | 2.4458901 | 123.51 1. 391 . 3785 | 1980 5. 982 331.0 
1327 -3 4563 6 2909 — | 41.39 1592 -5 | 5680 + | 2.4450247 | 123.54 1. 384 .3785 | 2000 5. 983 334.2 
1283 -8 4455 -8 2881 — | 41.59 1555 — | 5818 +? | 2.4459588 | 123.58 1.377 .9785 | 9019 5.983 .| 337.4 
1241 = 4349 -5 2854 -2 41.79 1518 - 5959 +2 | 9. 4459924 | 123.61 1.371 ‚ 3785 | 2038 5. 983 340.7 
1201 -% 4247 - 2827 — | 41.99 1482 - | 6102 + | 24460256 | 193.64 1. 364 .3785 | 2058 5. 983 343. 9 
1161 “а 4148 —6 2800 — | 42.19 1448 — | 6248 + 2. 4460583 | 123.67 1. 358 . 3785 | 9978 5. 983 347.2 
1124 -8 4051 —6 2774 -2 | 42.39 1414 — | 6397 + 2.4460905 | 123.71 1.351 . 3785 | 2097 5. 983 350. 5 
1087 -$ 3957 — 2748 — 42. 59 1381 — | 6549 +2 2.4461223 | 123.74 1. 345 .9785 | 9117 5. 984 353. 8 
1052 -8 3866 -5 2722 2 | 42.79 1349 — | 6704 +2 | 2.4461536 | 123.77 1. 339 .9785 | 9137 5. 084 357.1 
1019 -8 3777 е 2697 — | 42.99 1318 — | 6861 +2 | 2.4461845 | 123.80 1. 333 .3785 | 2157 5. 984 360. 5 
9861 - 3691 -8 2672 2 | 43.19 1288 — | 7022 +2 | 2. 4462150 | 123.83 1. 326 . 3785 | 2177 5. 984 363. 8 
9548 — 3607 8 2648 -2 | 43.39 1259 — | 7186 +2 | 2.4462451 | 123.86 1. 320 .9785 | 2197 5. 984 367.2 
9246 -% 3525 - 2623 -2 | 43.59 1230 - | 7352 +2 | 2. 4462747 | 123.89 1. 314 .8785 | 2218 5. 984 370. 6 
8956 -% 3445 —6 2600 -? | 43.79 1203 - | 7522 +2 | 2. 4463939 | 123.92 1. 308 .3785 | 2238 5. 984 374.0 
8676 -? 3368 -6 2576 — | 43.99 1176 — | 7694 +2 | 2 4463328 | 123.95 1. 302 . 3785 | 2259 5. 985 377.4 
8405 -? 3:03 6 2553 -2 | 44.19 1150 — | 7870 +? | 2 4463612 | 123.98 1. 296 . 3785 | 2279 5. 985 380. 8 
8144 — 3219 6 2530 — | 44.39 1124 — | 8049 +2 | 2 4463893 | 124.01 1. 291 ‚ 3785 | 2300 5. 985 384. 3 
7803 — 3148 —6 2507 -? | 44.59 1099 -5 | 8232 +2 | 2.4464170 | 124.04 1. 285 .9785 | 9321 5. 985 387.7 
7650 -? 3078 — 2485 -? | 44.79 1075 — | 8418 +2 | 2.4464443 | 124.07 1. 279 .9784 | 2341 5. 985 391.2 
7416 ~ 3011 - 2463 — | 44.99 1051 — | 8606 +2 | 24464713 | 124.10 1.27 .3784 | 2362 5. 985 394.7 
7190 ~ 2945 -6 2441 -2 | 45.19 1028 -5 | 8798 +2 | 2. 4464979 | 124.12 1. 268 . 3784 | 2383 5. 985 398. 2 
6971 -? 2881 6 2420 -2 | 45.39 1006 — | 8995 +2 2. 4465241 | 124.15 1. 262 . 3784 | 2405 5. 986 401.7 
6760 -? 2818 - 2399 2 | 45. 59 9840 — | 9194 +2 | 24465500 | 124.18 1.257 . 3784 | 2426 5. 986 405. 3 
6557 -? 2758 -8 2378 —2 | 45.79 9629 -9 | 9396 +2 | 2. 4465756 | 124.21 1. 251 . 3784 | 2447 5. 986 408. 8 
6361 — 2698 -8 2357 -2 | 45,99 9422 -9 | 9603 + | 2.4466009 | 124.23 1. 246 .3784 | 2469 5. 986 412. 4 
6171 — 2641 —6 2337 — | 46.19 9220 -9 | 9813 +2 | 2.4466258 | 124.26 1. 240 .9784 | 2490 5. 986 416.0 
5987 — 2584 —6 2317 -2 | 46.39 9023 — | 1003 +3 | 2.4466504 | 124.29 1. 235 .3784 | 2512 5. 986 419. 6 
5810 — 2529 -5 2297 — | 46.59 8832 -6 | 1024 +3 | 2.4466746 | 124.31 1. 230 .9784 | 2533 5. 986 423. 2 
5639 -9 2476 -6 2278 -? | 46.79 8646 -$ 1047 +3 | 2.4466986 | 124.34 1. 224 3784 | 2555 5. 986 426. 8 
5474 ~ 2424 -6 2258 -? | 40.99 8464 -$ 1069 +3 | 2.4467223 | 124.37 1.219 .9784 | 2577 5. 986 430. 5 
5314 — 2373 св 2239 -? | 47.19 8287 -$ 1092 +3 | 2,4467456 | 124.39 1. 214 . 3784 | 2599 5. 987 434. 1 
5159 -? 2323 -5 2221 -? | 47.39 8114 -6 1115 +3 | 2.4467687 | 124.42 1. 209 .3784 | 2621 5. 987 437.8 
5009 -9 2275 -8 2202 -? | 47.59 7945 -9 | 1139 +3 | 2.4467915 | 124.44 1. 204 .9784 | 2643 5. 987 441.5 
4865 -? 2298 -6 2184 — | 47.79 7782 -9 | 1163 +3 | 2.4468140 | 124.47 1.199 „3784 | 2666 5.987 445, 2 
4725 —9 2182 -6 2165 -2 | 47.99 7620 -9 | 1187 +3 | 2.4468362 | 124.49 1.194 .3784 | 2688 5. 987 448.9 
4590 -? 2137 6 2148 -? | 48.19 7464 -9 | 1212 +3 | 2.4468581 | 124.52 1.189 .3784 | 2710 5. 987 452.7 
4459 —9 2004 -5 2130 -2 | 48.39 7312 6 1238 +3 | 2,4468798 | 124.54 1. 184 .3784 | 2733 5. 987 456. 4 
4332 -9 2051 - 2112 - | 48.59 7163 —6 1263 +3 | 2. 44690192 | 124.56 1.179 .3784 | 2756 5. 987 460. 2 
4210 -9 2009 -5 2095 -? | 48.79 7018 - 1289 +3 | 2.4469223 | 124.59 1.174 .3784 | 2778 5. 987 464.0 
4091 -9 1969 - 2078 -2 | 48.99 6876 -6 1316 +3 | 2. 4469432 | 124.61 1. 169 .3784 | 2801 5. 988 467.8 
3976 -? 1929 -$ 2061 -? | 49.19 6738 -5 1343 +3 | 2.4469689 | 124.64 1. 165 2.2784 | 2824 5. 988 471.6 
3865 - | .1890 -6 | „2045 — | 49.39 .6603 -ë | 1370 +3 | 2,4469842 | 124.66 1. 160 . 3784 | 2847 5. 988 475. 5 
.3758 -9 .1853 -9 | .2028 -? | 49.59 .6472 -6 | 1398 +3 | 2.4470044 | 124.68 1.155 .9784 | 2870 5. 988 479.3 
„3653 -9 | .1816 -6 | .2012 -2 | 49.79 . 6342 -6 | 1427 +3 | 2.4470243 | 124.71 1.151 . 3784 | 2893 5. 988 483.2 
.3553 - | .1780 — | .1996 -2 | 49.99 „6217 - | 1456 +3 | 2.4470439 | 124.73 1. 146 „3783 | 2917 5. 988 487. 1 
.3093 — | .1612 -6 | .1919 -? | 50.99 .5632 -6 | 1607 +3 | 2.4471388 | 124.84 1.124 .3783 | 3034 5. 989 506. 7 
„2701 — | ‚1464 -в | .1846 -2 | 51.99 ‚ 5113 св 1770 +3 | 2. 4472282 | 124.95 1. 102 .3783 | 3155 5. 989 526.7 
. 2365 — |. „1381 — | .1777 -2 | 52.99 .4649 -9 1947 +3 | 2.4473126 | 125.05 1.081 .3783 | 3277 5. 989 547.1 


.2075 ~9 | .1212 - | .1712 -? | 53.99 | .4235 — | 2137 +з | 2.4473994 | 125.15 1.061 | .3783 | 3402 5.990 | 567.9 
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TABLE II.—SUPERSONIC FLOW-—Concluded 


NOTATIONS FOR 


local Mach number or Mach number upstream of a 
normal shock wave 


ratio of static pressure to total pressure 
ratio of static density to total density 


ratio of static temperature to total temperature 
JM:—1 


| 1 
ratio of dynamic pressure, = pV”, to total pressure 
J p 15 eV’, p 


ratio of local cross-sectional area of an isentropic 
stream tube to cross-sectional area at the point 


where M=1 


ratio of local speed to speed of sound at the point 
where M—1 


y=7/5 
p p T 8 q A V 
E dd Tt "e T T “е p 
Dt pi Ti Dt A, а. 

1826 ~ 1106 -$ 1650 -? 54. 99 3866 — | 2341 +3 2. 4474679 125. 25 
1609 ~? 1011 се 1592 -2 55. 99 3533 -9 | 2562 +3 2. 4475394 125. 34 
1422 -? 9256 -7 1587 — 56. 99 3235 -6 | 2798 +3 2. 4476071 125. 43 
1259 -? 8485 ~ 1484 -2 57. 99 2965 -6 | 3052 +3 2. 4476714 125. 52 
1118 -? 7791 - 1434 -? 58. 99 2723 — | 3324 +3 2. 4477325 125. 60 
. 9937 -0 7165 -7 1387 -? 59. 99 .2504 —6 | 3615 + 2. 4477905 125. 68 
8852 -10 6596 -7 1342 -? 60. 99 «2306 — | 3926 +3 2. 4478457 125. 76 
. 7900 -1 6082 -7 1299 -2 61. 99 2126 -9 | 4258 +3 2. 4478982 125. 84 
.7065 -19 5615 ~ 1258 -2 62. 99 1963 -9 | 4612 +3 2. 4479483 125. 91 
6328 -10 5190 - 1219 -? 63. 99 1814 — | 4990 +3 2. 4479961 125. 98 
. 5678 -10 4803 -7 1182 -? 64. 99 1679 — | 5391 +3 2. 4480416 126. 05 
„5103 -10 4451 ~ 1147 -2 65. 99 1556 - | 5818 +3 2. 4480351 126. 12 
.4594 -0 4129 -7 1113 -2 66. 99 1444 — | 6271 +3 2. 4431267 126. 18 
4141 -10 3834 -! 1080 -2 67. 99 1340 — | 6754 +3 2. 4481665 126. 24 
3740 -19 3565 —7 1049 — 68. 99 1246 -6 | 7204 +3 2. 4482045 126. 30 
3382 -ю 3318 - 1019 -2 69. 99 1160 — | 7804 +3 2. 4482410 128. 36 
.3062 -19 3091 -7 9909 — 70. 99 1081 -9 | 8378 +3 2. 4482759 126. 42 
SANTE - c 2882 — 9536 — 71.99 1003 -6 | 8984 +3 2. 4483093 125. 48 
‚2522 -10 2690 ~ 9374 -з 72. 99 9106 -7 | 9625 +3 2. 4483414 125. 53 
„2293 —0 2513 - 9122 —3 73. 99 8789 — | 1030 +4 2. 4183722 125. 59 
2088 -10 „2851 ~ 8881 -3 74. 99 „8220 -7 | 1102 +i 2. 4484018 126. 64 
1903 -19 .2200 -7 8649 -3 75. 99 . 7693 — | 1177 +i 2. 4184302 126. 69 
1737 со 2061 -7 8426 -3 76. 99 . 7207 — | 1256 +4 2. 4484576 125. 74 
1587 -10 1932 - 8212 -3 77.99 .6757 -! | 1340 +i 2. 4184838 126. 78 
1451 -и 1813 - 8005 -3 78. 99 6341 -7 | 1428 +4 2. 4485091 126. 83 
1329 -19 1703 -7 7806 -3 19. 99 5954 -7 | 1521 +4 2. 4485335 126. 88 
1219 —0 1600 -7 7615 -3 80. 99 5596 -7 | 1618 +4 2. 4485569 126. 92 
1118 -19 1505 - . 7431 — 81. 99 5264 — | 1720 + 2. 4485795 126. 96 
1027 -10 1417 - 7253 -3 82. 99 4954 -7 | 1828 + 2. 4486013 127.00 
9448 -1 1334 ~? 7081 -3 83. 99 4657 - | 190 + 2. 4486223 127.05 
8697 - 1258 -7 6916 -3 84. 99 4399 -7 | 2059 + 2. 4186426 127.09 
8014 -1 1186 -7 6756 — 85. 99 4149 ст | 2182 +i 2. 4486522 127.12 
7391 си 1120 - 6602 -3 86. 99 3916 - | 2312 +4 2. 4486811 127. 16 
6823 —u 1058 -7 6452 -3 87.99 3699 — | 2448 н 2. 4486994 127. 20 
6305 си 9995 -5 6308 — 88. 99 3496 -7 | 2590 + 2. 4487170 127.24 
5831 си 9452 -8 6169 -3 89. 99 3305 ~? | 2739 +H 2. 4487341 127.27 
5397 -п 8944 -8 6034 -3 90. 99 3129 — | 2894 +i 2. 4487506 127.31 
5000 - 8469 -% 5904 -3 91. 99 2962 - | 3057 + 2. 4487666 127. 34 
4636 -H 8023 -8 5778 -3 92. 99 2807 -7 | 3226 ++ 2. 4487820 127. 38 
4302 -1 7606 -5 5656 — 93. 99 2661 - | 3403 + 2. 4487970 127. 41 
3995 - 7214 -3 5537 “3 94. 99 2524 ri | 3588 +i 2. 4488115 127.44 
3712 си 6846 —8 5422 -3 95. 99 2395 - | 8781 +i 2.4485255 | 127.47 
3453 си 6501 ~ ‚5811 -3 96. 99 2274 -7 | 3982 +i 2. 4488392 127. 50 
3214 -и 6176 -8 5204 -3 97. 99 2161 -7 | 4191 + 2. 4488524 127.53 
2993 -n 5870 -8 5099 -3 98.99 2054 —7 | 4410 ++ 2. 4488652 127. 56 
790 -1 5583 -8 4998 - | 100.00 1953 - | 4637 +4 2. 4488776 127. 59 


i м | @ m fa | M Pı 
1. 042 . 3783 | 3529 5. 990 589. 1 7111 -8 2567 -3 
1.023 3783 | 3659 5. 990 610. 7 6499 —6 2476 -3 
1.005 .3783 | 3790 5. 991 632.7 5950 — 2390 -3 
. 9879 | .3783 | 3925 5. 991 655. 1 5455 -% 2308 -3 
. 9712 3782 | 4051 5. 991 677.8 5009 -5 2231 -3 
. 9550 3782 | 4200 5. 092 700. 9 4606 ~6 2157 -3 
. 9393 3782 | 4941 5. 992 724.5 .4241 - 2037 -3 
. 9211 3782 | 4485 5. 992 748. 4 „9911 -ë 2020 -3 
. 9095 3782 | 4630 5. 993 772.7 .3611 -ê 1957 3 
. 8953 3782 | 4779 5. 993 797.4 3338 -6 1896 -3 
. 8815 3/82 | 4929 5. 993 822. 5 3039 -8 1838 -3 
.8682 | .3782 | 5032 5. 993 847. 9 2363 -8 1783 -3 
.8552 | .3782 | 5237 5. 993 873. 8 2655 -8 1730 -3 
. 8426 3782 | 5395 5. 994 900. 1 2466 -8 1679 -3 
. 8304 3782 | 5554 5. 991 926.7 2293 -$ 1631 -3 
8185 3782 | 5717 5. 994 953. 7 2134 -8 1585 -3 
8070 3782 | 5981 5. 994 981.1 1988 -$ 1540 -3 
„7958 | .3782 | 6048 5. 994 1009 1854 —6 1493 -3 
.7849 | .3781 | 6217 5.994 | 1037 1730 -5 1457 -3 
7742 | „3781 | 6389 5.995 | 1066 1617 -6 1418 — 
7639 | „3761 | 6562 5.995 | 1095 1512 -$ 1381 -3 
.7539 | .3781 | 6739 5. 995 1124 1415 -6 1345 -3 
. 7441 .3781 | 6917 5.995 | 1154 1326 -6 1310 -3 
.7345 | .9781 | 7098 5.995 | 1184 1243 -6 1276 -3 
.7253 | .9781 7281 5.995 | 1215 1166 -6 1244 -3 
. 7162 | .3781 | 7467 5.995 | 1245 1095 -5 1214 -3 
. 7074 „3781 | 7654 5.995 | 1277 1030 -6 1184 -3 
. 6937 3781 7845 5. 996 1308 9682 -? 1155 -3 
. 6903 | .3781 | 8037 5.996 | 1341 „9113 ~ 1127 -3 
. 6821 3781 | 8232 5. 996 1373 .8585 ~ 1101 -3 
.6741 | .3781 | 8429 5.996 | 1406 8092 -7 1075 -3 
. 6662 | .3781 | 8529 5.996 | 1439 7632 m 1050 -3 
.6586 | .3781 | 8830 5.996 | 1473 7204 -1 1026 -3 
6511 | .3781 | 9035 5.995 | 1507 6804 -7 1003 3 
6438 | .3781 | 9241 5.996 | 1541 6431 —7 9305 -4 
.6366 | .3781 | 9450 5.996 | 1576 6032 -: 9588 -з 
.6296 | .3781 | 9661 5.996 | 1611 5755 ~ 9378 — 
6228 .3781 | 9875 5.997. | 1647 5450 ~ 9175 -i 
. 6160 | .3781 1009 +i 5.997 | 1683 5168 -7 8978 — 
. 6095 | 3781 | 1031 + 5.997 | 1719 4894 -т 8790 ~t 
. 6031 | .3781 | 1053 +! 5.997 | 1756 4642 - 8605 -i 
5968 | .3781 1075 +i 5.997 | 1793 4405 vi 8427 ^ 
5907 | .3781 1093 + 5.997 | 1831 4183 7 8254 -t 
5847 | „3781 | 1121 +! 5. 997 1869 3974 -7 8087 -4 
5787 | .3781 1143 +! 5. 997 1907 3778 ~ 7923 -i 
5730 | .3781 1167 +! 5. 997 1945 3593 - 7765 mi 


TABLES I AND Il 


p 


Prandtl-Meyer angle (angle through which a super- 
sonic stream is turned to expand from М=1 


to МІ), deg 
Mach angle, sin”! ў 


Mach number downstream of a normal shock wave 


) deg 


static pressure ratio across a normal shock wave 
static density ratio across a normal shock wave 
static temperature ratio across a normal shock wave 


total pressure ratio across a normal shock wave 


ratio of static pressure upstream of a normal shock 
wave to total pressure downstream 
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CHARTS 


The charts that follow present numerical values of certain 
physical quantities that are functions of two variables and 
hence are cumbersome to tabulate. "These charts are de- 
signed to provide accuracy to three significant figures. 

Charts 1 through 8 and chart 25 are for a perfect gas. 
The values presented in charts 1 through 4 and chart 25 were 
calculated for a ratio of specific heats of 7/5. "The values 
presented in charts 5 through 8 were taken from references 
6 and 14 and are for a ratio of specific heats of 1.405. 

Charts 9 through 24 provide correction factors to account 
for the effects of caloric imperfections on the quantities tab- 
ulated in tables I and II and plotted in charts 2, 3, and 4. 

On many charts, points corresponding to static tempera- 
tures of 5000? R and 100? R (—360° F) have been indicated. 
These temperatures represent very approximately the limits 
of validity of the charts. Exact limits cannot be stated 
simply as they depend on pressure as well as temperature. 
At temperatures near 5000? R dissociation effects, which were 
neglected in the calculations, can be significant at high alti- 
tudes though perhaps not at sea level. At temperatures less 
than about 100? R, air may condense at the pressures 
encountered in many wind tunnels. 

On the Reynolds number chart (chart 25), points corre- 
sponding to a static temperature of 180? R (—280° F) also 
are indicated since this is the lowest temperature for which 
experimental viscosity data have been obtained. At tem- 
peratures much lower than —280? F, Sutherland's equation 
(A2) may significantly underestimate the true viscosity. 

'The contents of the charts are as follows: 

Chart Page 


1. Variation of mass-flow rate per unit area with Mach 
number for various total temperatures. Perfect gas, 


S Du МАРКС МН or PEE u al 41 
2. Variation of shock-wave angle with flow-deflection angle 
for various upstream Mach numbers. Perfect gas, у= 7/5. 42 


3. Variation of pressure coefficient across shock waves with 
flow-deflection angle for various upstream Mach numbers. 
Petiect баз y — ее а Soti ыы ЕЕ 44 

4. Variation of Mach number downstream of a shock wave with 
flow-deflection angle for various upstream Mach numbers. 
Perfect gas, үзе? /Б5.--------с-<--с--------с---сс-асес 46 

5. Variation of shock-wave angle with cone semivertex angle 
for various upstream Mach numbers. Perfect gas, у= 
DAQ еен нн a cu hc massal Aus D ss de 48 


Chart 


6 


~I 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


24. 
25. 


Variation of surface pressure coefficient with cone semivertex 
angle for various upstream Mach numbers. Perfect gas, 
NA LS о ылы EEEE ETA 


. Variation of Mach number at the surface of a cone with cone 


semivertex angle for various upstream Mach numbers. 
Perfect gas, y — 1.405 


. Variation of the initial slope of the normal-force curve with 


upstream Mach number for various cone semivertex 
angles. Perfect gas, y — 1.405 


. Effect of caloric imperfections on the ratio of local speed to 


speed of sound at the point where M—1 


. Effect of caloric imperfections on the ratio of static tempera- 


ture to total јегорегавиге__________-_-_---_---------- 


. Effect of calorie imperfections on the ratio of static density 


to total density 


. Effect of caloric imperfections on the ratio of static pressure 


DO-TOLRIDEDSSHTO Se Su osea elc сан УИ 


. Effect of caloric imperfections on the ratio of dynamic pres- 


Sure LO total DPesSUTG... ОИ an ice 


Effect of caloric imperfections on the ratio of local cross- 
sectional area of & stream tube to the cross-sectional 
area at the point where M=1___________------------- 

Effect of caloric imperfections on the static-temperature 
ratio across a normal shock wave 


Effect of calorie imperfections on the static-density ratio 
across a normal shock wave_..._.._._._-_---_--_------ 
Effect of caloric imperfections on the ratio of static pressure 
upstream of a normal shock wave to total pressure down- 
SUPA n c быз ылыш ioi Мн S ИК Е жа ыдан ық ылы а 
Effect of caloric imperfections on the static-pressure ratio 
across a normal shock WaVe-------------------------- 


Effect of caloric imperfections on the Mach number down- 
stream of a normal shock WAVE. --------------- 


Effect of ealorie imperfections on the total-pressure ratio 
across a normal shock мауе_________-----_------ --- -- 


Effect of calorie imperfections on the variation with flow- 
deflection angle of the shock-wave angle for a weak 
oblique БПО WAV Cs k r dense ecce 

Effect of caloric imperfections on the variation with flow- 
deflection angle of the Mach number downstream of а 
weak oblique shock wave________._.----------------- 


. Effect of calorie imperfections on the variation with flow- 


deflection angle of the pressure coefficient across а weak 
oblique Shock а бо Liss LL LL oi 


Effect of caloric imperfections on the Prandtl- Meyer angle... 


Variation of Reynolds number per unit length with Mach 
number for various total temperatures. Perfect gas, 


Pag. 


50 


52 


54 
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CHART 2,—Variation of shock-wave angle with flow-deflection angle for various upstream Mach numbers. 
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CHART 3.— Variation of pressure coefficient across shock waves with flow-deflection angle for various upstream Mach numbers. 


45 


EQUATIONS, TABLES, AND CHARTS FOR COMPRESSIBLE FLOW 


58 


BS NE ПШ S W SE B: ЗЕ Ий z El ПЕ iss E pa mm БЕ AREA Bë НЫН Pu vg ИЕГЕ Б sa БШ uu СБ repu mim mimi Ps LI E 
Prop AKA ss Tcp der rb misi am ЕГ В МЇ] K mm sis ЖЕ GN ВОН k ШЇ k Sis ВЕ miu ДБ НЕ е E Sa ВАН ОН П ИЕ ИЕ 
Е RE RSE CORR е а САП ши и н а РА ии ШЕЕ Ж ШШЕ ЗЕ asss pe sc ЕШКІНІ 
Ep П гы pup ons pps ed pep ppp ЕН ЖЕ ЖЕ ИШ ЕЕ Ж ШИШ ШЕЕ ЖЕ аа а М БЕ ИШ ШЕ ШЇП И И ЕК ВЕ ЕА ЫП ПБ р А аў н ЕБЕ) а й а ЕН ЕТЕНЕ 
ШШЕ ЗЕ E ISI ШП ШИ ИП і БЕ ЗИЯШ е И Н m a СЕ БЕ ШШ ИШ is ЗЕ БЕГЕ шін ЕН я ИЕ ia uz ПП БЇ ИЙ заа БЕ БЕ ПП ШЕ ИШ а БЕ ГИ ЕНШ е е а Б ЕТЕ БЕ EEE ПИ ipsu ШШЕ i Ж И 
Ноам 
Йй БА ЕЙ ПБ ЕН Гра аў gl ПЕ ЖЕ [И ў ЕА д И Е ИНЕ ШЕН ЕНІН ЕШ ГА БЕ И qp pio crm asas ШЕ И Шш E 
ЕН ай ШЕ ЖП ШШ ШЕ а й а pep ШЖ mim р ў ШШШ ПЫ Е E s 


Н ЗА АА a LLL PPL EE а-а-а I l l i 
@ ЖЕ Ж даў fh ИПИ а ms БЫШ НЕ НН ОС НН БЕ НЕ БЕН (ШЇ аа mmm EE = x ЫШ fe pt p ulti 


a 
EE ини шыш ЫЫ а пр Ж НИЕ 
_ ||| [| | ||| LA РЕ фр 


2 e kL pest О Sg ПА А ЦЕ З И ОН 
O оқ 


аА СЕ mamam БС EE E sum Еа а МЕ za в Es 
ТРЕТ ІНЕ SZ Е PS ДЕ НУ БЫ ШШ E Б ЕГИ ШШ НЕ а а Дар АЕ Sai ДЕ ШИ А 
ЛЕТНИ am Ив sS СЕ БЕШ ШШ ЕЙ ЕЕ БИ ШЕ oo om р ай БЕ ЕП а ра A ШЕ аа O DE 
ИПИ ра БЕ Es Ei a Es EB Lis AZ ИШ ONCE EE ШЭ ЖИНЕП ИЕ ПЕ mms ЖЕЛ ҮЙ ЇН НЕ ОВ ЕП АЕ ЕН ИШ ЕЖЕ ЖҮН И БЕ ШЇ БЕ ЖЕТІК ЕГІН БЕН Ed И БИШЕ ФА 19а 
У БЇ ШЙ ШЕП TT Я TL la w SSES а а а а Б Н а а а а E Б ШШ ЕПН ЕЕ ЕШ ШШ ЗЕ Ц 
[ЭШЕ А pa Gi а я а mr ӨЙ ЙҮ ПШ ШЕ EG ЧЁ БИ i= sim о а ВА ШШ РП Е ки Ж а E О КА ЕН заа TEE ӨП p E ШШ аа а СЕ ШШ misis SESI 
ааа ЕНЕ АКТ а ааа ааа шт 
„| Вы" мі ` 
ЧЕНА Ни а ақа an РАБА 
4 ; Е Шаһ! | „M ы ib NS J 
СНЕ A ENS R СОаШШЕСЕа ЕЕ СЕСаа ааа ЕШарааааа вава ааа ааа 
= At. № J. M NA В АХ “ | 
НЕ-Е а БЕККЕ 
| і Га NL NANY 
LSSR SS 
| j ñ 4 4 A ў ы NLSN М JN ма IAIN М | 
in As 
f A A 3 A | — x: NO NO NIN ae 
ECE CE CAC oS ЕЦЕ 
SCOOT ETT SCT SESE ШС КА BEN Pr T TIT P ШЕШ r ШИ ШЕЕ ШШ ЕШ ШШ 
TTT Ешан ШШК, УШ ГИ TT BIP АА УК КА IILI ITT TITI T T з 
TTT on pote ZO аа аа В чв ччы NN SNS TTT яа а я аа а а TTT" 
А A YAN MANM ABRE NB SEED SER SANS КА аа а ОА РА У УУ А а а А аа а аа а а А а а а а а а АНА 
ЧУ АЕА TTT ччы ачы е КМ А А TTT 
THAT 
4 \ hs N ы № h ь [М IN N NN 
TTH TAS 
TL ГУ N NL К 
ИРЕ АГРУС ТЫСҚА TT TTT ГТ? 
TTT TTT ZL TTT ANA NE RAR IN ов TT 
HES STS 
| | / РЕ N k "E ~ ^ ы № У | 
НЕН Нн НС ЕНЕ 
| i k | Na > [N IN ы he ako. JA Фи. 

нана на на аа. a а ната а на GERNE инни А таки наси NON SANN А ТОИ а а а а НО ВИ а ОА ОА ОА а а а А ЯВИ 
AE E T I TT ИА НАСА ца янна саць часах А НА EE АДА А АДА иинин 
нана нана на Еі яне ін н гага аа нат ана на ная на = ДЕН УСПЕА ТРЕ ҒЫ МАМА TT а а а а а а а а а а а а а ® 

a ° со © + a ° 


ја © st 


Тқ | 
282 Чидоццаод AINSSAUJY 
lg - e 


Deflection angle, 9, degrees 
CHART 3 —Concluded 


Perfect gas, 


REPORT 1135— NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


46 


8 

Bu О Ошо s a со со О N о о o Тој 

SO Og owe аа а e оу С r го UAE Ж + O Ф о о Ny 
| | ДЈ ПЕТР: 111 | | Г V Ў аў II VIA УУГ A ТИТ [У] И | | | То o [11 | I РТР ТЕР С KUN Г ГЕРА N ОКО ча ro 
boo ea АИДА A У ИУ ИН ИИНЕНИН: РЕКЕ РР 
шишишишшишишшишиш/шлдш'дш' душе Ө ДАШ АШ ДЕР Т ТЕСЕ СЕН АУ ЕРНИ ВЕНЕРА ЕНА МАНА 
II 141 ЛЛ УИ И А I А | | 1 11881 111 1 [141 11601 11 [111 ГАН ALASO NEESS ышы 
TET TTT TT TT TTT TIA ViVi A TAZ А VTT AT PTI | | «e EEE PSI иши ашшы РАЈА ЈАЈА AR L PPK ЖШ ШИ и." 
У АРА УУ СРС Н UY ЛЕНЕ ЛОИ И 5 ЕРУ РЧ T SWA SR REINO SEED KD ELEEKLEL 
LLL ||| | || няня У, AA VA AAA ДА И И 1 T МТ ТАДА T (|| T N T TN T NT NT N N N TIXNIYI TAT 
11411 1] МА 71 VI ИИ ZIATALIZILIZ! 1 | || || са ШЙ ШЇ О ias ЗЕ И о ИЕ ШЕ PSC ШЕ БК ЕЕ И КЗ ЕПА лы ПА БИ шш” 
АЕА ДАРА ВАРА IZ TT LZ TTTTTZTTTTTTTUTTTTTLTT-LTTTTTTKLTTTET РЕКЕ ммм С 
| ДА ДОДА ААА AA ТЕ ДАДА || TITIN ЕЕ Е 
| ||| | ||| jl | | | ИД ТА TA TA 71777 IA 712 IZITEIZI IIILITILITI e LEN А 
ЕЕРЕЕ СИ a АД Це ДАДЕ ЕРЕ ЕОС РТР 
луу 7171 у уул ЛП | VI [1 А || | | | | СЕТ | Шы РА НЕ P AC а а е LINE ША. РАТА ЈАРЕ А САРА ЖЫНЫ 
ААА АЎ M TT VV UT T САД TUL TT СССР АРОЧКА ЦА Н 
МЕНИН SS (AP P AAS INT AE ТАГАРА B AV SW AND AE. РА РРА EE EEE ЕРЕ ПО РА А АРА РА РА ЈЕ ЛАМАР ТУР РО ТАРА ВЫ а а ДА 
УУСАН УАТУ ОРАСИ [III (А T TT 1 Į РУ ССМ шшк ОМ 1Х МАМ T lw 
| | || || | ||| УЛ JII IT A PIL AAA A VIZ | У [А |! Г ! (#12! | | || | | | | | | LIT | | || || I IND LL LIN LES EE SN TE РКО РА КИ (ЕД, ai 
ААА С НА А ИНА РР АТА ИЕ «ҸҸ ҸЕ МЕКА 
pp ЕСИ IFE AU ИД ЈЕАЈИ AN A TA ЦАТ АТТ LLTI | | ERES БЕГЕ AAB а За ба TPIP IN а ГА NE О ISI ОВ Scns E NI 
ЧИДУН ТИ АА ААА ат LIIS SET EAN ее ПО ШЇ ЛУН БЕ ул НИ ШШ ААА 
LL LL S LLLLLLÁAIELAA ТА ИА ДИ E SV ИТ ИТ ЛЇЇ А | и | | | ГГ | | | | | as а з ДА IA LP АРАДА а АРА А 0 АЈА щч 
ИДА ОДА А ССА ЗА АНИ АНА TTT LL НИ ЈАЈЕ аа О А БА ДАДА IN ЈЕ ЕШ NO SE РА А АА ЧА; 
| (114 И ЏУг fE KA PPP PPI ME TAT 1 АТ 12 1 | (ФЕСТ [ANT [KIS | | | ү М М T NTI TT INTI INT NT У 04 | 
ДАДА СОЈА РА БЛАТА У САЈТ Ў 1 1211 СЕЧА 22 N N 23828 А РЕ ЕИ ЕЕ FL TX L NI че: 
LELELELLELULTAT UL UU UAI JU наіў УТУ панаў А на на на у” Toi non I || Да I [ITL РМ 
FECA YA BA 17-7 AH ААА NESE 
Ltt TTT 1] VA vv VTA VTA TP ee MM NP “a | | А У ДЕРИ РА РА ШШ ШШ ИЕ ШШ ШШШ Ne ЗН „2 PC А 
ЕА UT VVV UT ENA ELEAZA TTT а а а ая на я а а РКЕ ААСТА ЦУ АСАХ 
I THU TJ UL T TV V ааа ааа Да E Ца (а E SETS езін БЕНЕН БӘЛЕ ИЕ ЧЕЛ ИЕН 
АССР АЕ ШД ДЕД PI Ae |!| ТУТПА ПОСЕЩ ШШ ЕЈ А АД АРА А А И СР, СИ НН А ЕЕ 
onon on ooo rzon А 
АСС ОДА А ААА ААА TTT EEE АНК ААЦ W 
"TTT AN ANA A ГИ п а аа н аа а а а ССО р а К. а ра T чча да ра ў аа а а аа аа а а аа а за на а а ча а а аа ~ 
| __ VA ИЛ ET API! E ИИ S ЕЛА (7 ГА и [2 | | | РК | | | | | | | | ttt tet VT NTN ажа ДЕДА 
T ДА А ЛА ДАДА ee PA TTT) LN T PL INE os Е ENA 
SERRE SRS AT AR ieee ZT # . У | | 1“  ! | | TLLT ||] Se ВИ НИ оо 0 А ПБ ДСД ЕЈ Е а ч ЈА В ПА P а ДАРА 08 П P INTI INT I PITI 
ИП TU VU ИШ ШШЕ er аа аа аа ына DENYE АН а ТҰТАС 
шишиши ў A ЕНІН UT ша аа ая НЕ ану, НА TIPY IAT RE а на (ТА я ая я а а на а я я я я а а на яя я ьс я РА TN TN а а а а а а а а No UN 
III II TAL ШЕШЕ ЛА АЛДДУ II IJ VT І” J TV 2 ТОША | а ан К (Јо (1111! ХО | ОМ T (МОК | 1] [4 ] |  - | | | 41] А] | 
ДАДА ДА ДАДА А TIT VV T TT V VVV ТА ПА VTAT TTT ОДУ LL LLLLLLNLCLLLNLCLLMHLLLNLLENLLLLENELLINCLLENETAN а 
нана на на на ДАЗАВАРАВА TT ПИ V TV AND ANANA NM Po ann LW ДЕЈ n ЇЙ ШШЕ AE ШЕ ПИЕ: px AA LE IE ISP ЫЫ e 
А АДИ С РАЎ А РОА ДД АД er ЕЕ АНА А ССА АЎ СА САЎ ДАЧ ССМ 
ПГТУ ЛЕЕ ДЕ 017; ТШД ДИДЕД ТУТ ГА ГИ ТТ | = = м | ГЕ Инк е ИЗ RE ITT T ГААГЕ 
ГИЦ ДА ШАЛА ЕСЕ Ш ЛІУГ ШР | TI SEE” || | а РЕ РЕЈ PITI N [I ы аў TTITO РЕ INI А РА ETAN ЕЕ | 
тшшш иитии ининин a noun ANSERGUNBNEBEBERNENEBVEHAUNMBSGNARUENHEBWENBBUUBENSENN 
LOL TL Vi Fill lli аа MONN ПЛЕ 1111 СІ ПБ ИС ИО: | ЛУ || Ler?” Se TP IN М ÝN TT а а аа а APN E СОМА СОМ | ОМ] а 
"| TT] 1 T ШШДЕ Д ООА ОАЗА А ГА АД ТЕА TT ZL TTT ee NO И іа а ПА БА ПН ER PETE ET БЕНЕН БЕН 
ААА аии ии! T ЛИГА САЈТА УТОА А И О ДАЉА ых шсш ЕРЕ IDEE 0 ЗИ PAN УРА АТАР А ФЕН 7 
lI I JII III IP I III P ГТ ИТ И ТЈ 1713 ИД ҮЛТІТІУТІҒІТІЖТІ Но LII NT INT M О ДОМА ДА I А IIT LT II III 
ДА ДАДЕ ДОДАО ДА ТА ТАТА VT VVV TTT V LVIA L TTT го: Е АЕ 
А ДАЧА I PI E E AT AA И ТИШТИН СОТА ТИ ИСА ПА ОШ TTT «ч Ба а ч а А. ча ека АЗРА ВАРА 
ТТА ЦИА IU LA ДАЛА VIA ЦД 2 1 VVV A ТЕПА 11287 Го СА СЕ КО МАМА МЗ LEN 77522 LAN IRT II KTU TI TIT TI 
NT ЧАИ НЕГДЕ ЕНЕР С ОД АУРЕ L ЖТ ШИ да» ЧЕ ў л ра, ШЕЕ ЛИШ ШИ ч р ШКА БЕ А ШЕ ра БЕ т з а ў а lel БЕШИГИ И а TE 
НА АДАД п'ян VU V PP A PIL V ТАД VA eee LLL NN TN NN NMT а а а TU MMT MTL 
EEAIREEENIBERIIEERAUNRBEBFERSBIBI/BEBEIFPAVAVAD'AREP ЕН Ени 
АУА oT Ta DY OOO ТП — Roi papi pri titit VIE ДА eee + 
АДА Pee ei ДА А ЈЕ ДА ДАДА Be ee eer Д AN AMP ANDE anti ГА М! Г 1 2 0 ГА ГҮ ҮҮ | || | 
ПЕШИЕ ГУУ ЛИ И РА А АР Ce H Į аа 
СЕЕ ПОЕНИ И ПА ГИ ДИ И АА VY LT AP. 17 d TT Б». ЕОМ ЛЕА А ТТТ СОШ СОСО 


Фо v SM N == W O W ° ` O 
j бе — = о қыш 


ВИДИ ГАР TA ИИИРАНРАЕГӘЛЕНЛИБЕШЕНГИБГЕН ИЕН ee БЕН ЕН ron ritm 


ДДТ 
Jill lI МЕД PE ТУЛУН I PTI IA UI AAT ТТ (ДА 71214 ТА 1731 | HA Ta 
II маши! ГІТІПІШІСІНПТІГІГШІІІІГІШІТГІІТУІУІРІРТІЖУГІ ii il ii DO Ii] im (SMES PERSE А Ре Rises 6 В ОА О Jo 
° oo © ч с) © с) ` + о со 
= è : ` 2 n Г Г г 2 
W 


= -| чацфашоаой saquwnu-yonN 


= © 


65 
60 
„55 
„50 


Zy чадшпи чосу шрадзимод 


Deflection angle, 8, degrees 


CHART 4.— Variation of Mach number downstream of a shock wave with flow-deflection angle for various upstream Mach numbers. 
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Снавт 5.— Variation of shock-wave angle with cone semivertex angle for various upstream Mach numbers. 
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Снавт 7.—Variation of Mach number at the surface of a cone with cone semivertex angle for various upstream Mach numbers. 
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EQUATIONS, TABLES, AND CHARTS FOR COMPRESSIBLE FLOW 
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Снавт 9.— Effect of caloric imperfections on the ratio of local speed to speed of sound at the point where M — 1. 
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CHART 10.—Effect of caloric imperfections on the ratio of static temperature to total temperature 
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Снавт 11.— Effect of caloric imperfections on the ratio of static density to total density. 
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CHART 13.—Effect of caloric imperfections on the ratio of dynamic pressure to total pressure. 
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Снавт 16.— Effect of calorie imperfections on the static-density ratio across a normal shock wave. 
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Снавт 17.— Effect of caloric imperfections on the ratio of static pressure upstream of а normal shock wave to total pressure downstream. 
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Снавт 18.— Effect of caloric imperfections on the statie-pressure ratio across а normal shock wave. 
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Снавт 19.— Effect of calorie imperfections on the Mach number downstream of a normal shock wave. 
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